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HVC 


MQD 


HVC  H*rm*tlc 
VarlabI*  Inductors 

A  step  forward  from  our  long  es¬ 
tablished  VIC  series.  Hermetically 
sealed  to  MIL-T-27A... extremely 
compact ...  wider  inductance 
range . . .  higher  Q . . .  lower  and 
higher  frequencies... superior 
voltage  and  temperature  stability. 
Case  25/32  X  IVa  x  1  7/32,  2  oz. 


SPECIAL  UNITS 
TO  YOUR  NEEDS 
Send  your  spscificstlons 
for  prioss. 


UNITED  TRANSFORMER  CORPORATION 

ISO  Vwrick  $trssf.  Now  Tsrk  13,  N.  T. 

fACIFIC  MFC.  DIVISION;  4001  W.  JiFFfISON  M.V0.,  lOS  ANGiUS  1*.  CAIIF. 
iXFOKT  DIVISION:  13  IASI  40tli  STItET.  NfW  YOMC  U.  N.  V.  CADUSt  "AllAD" 


Hi-Q  Inductors ....  FROM  STO 


As  largest  producers  In  this  field  for  over  two  decades,  UTC  inductors  cover 
virtually  every  need  for  both  fixed  and  variable  units  of  exceptional  stability. 
Hermetic  units  have  been  proved  to  MIL*T'27A.  eliminating  costs  and  delays  of 
initial  Mit.*T-27A  testing. 


For  complete  listing  of  our  700 
stock  items  (300  hermetic) 
write  for  catalog. 
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MQ  Serieo 
Compact  Hermetic 
Toroid  Inductors 


The  MQ  permalloy  dust  toroids 
combine  the  highest  Q  in  their 
class  with  minimum  size.  Stability 
is  excellent  under  varying  volt¬ 
age,  temperature,  frequency  and 
vibration  conditions.  High  perme¬ 
ability  case  plus  uniform  winding 
affords  shielding  of  approximately 
80  db. 


Dl  Inductance  Decades 


VIC  Variable  Inductors 


The  VIC  Inductors  have  repre¬ 
sented  an  ideal  solution  to  the 
problem  of  tuned  audio  circuits. 
A  set  screw  in  the  side  of  the 
case  permits  adjustment  of  the 
inductance  from  +85%  to  -45% 
of  the  mean  value.  Setting  is 
positive. 

Curves  shown  indicate  effective 
Q  and  L  with  varying  frequency 
and  applied  AC  voltage. 


MQ  drawn  oasa  alruoturs 


01-1  Ten  10  Mhy.  steps. 
DI-2  Ten  100  Mhy.  steps. 
DI-3  Ten  1  Hy.  steps. 
01-4  Ten  10  Hy.  steps. 


15  stock  values 
from  7  Mhy. 
to  2  8  Hy. 


MQ* 

19  stork  values 
from  7  Mhy. 
to  22  Hy 


MOB 

12  stock  values 
from  10  Mhy. 
to  25  Hy. 


New  extreme  stability  in¬ 
ductors  for  I2KC  to  130KC 
range.  Typical  Q  is  170  @ 
50KC.  6  stock  values  from 
2  mhy.  to  20  mhy. 


MQL  Low  Proquanoy  High  Q  Coil  a 

The  MQL  series  of  high  Q  coils  employ  special 
laminated  Hipermalloy  cores  to  provide  very  high 
Q  at  low  frequencies  with  exceptional  stability 
for  changes  of  voltage,  frequency  and  tempera¬ 
ture.  Two  identical  windings  permit  series,  par¬ 
allel,  or  transformer  type  conections.  1-13/16 
dia.  X  2Vi'  N. 


iMfia 

MM  1/2 

MM.  MW  11/ia 
MW  1-5/16 


wieui 

1-1/16 

1- 9/32 
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These  decades  set  new  standards  of  Q, 
stability,  frequency  range  and  convenience. 
Inductance  values  laboratory  adjusted  to  better 
than  1%.  Units  housed  in  a  compact  die  cast 
case  with  sloping  panel  ideal  for  laboratory  use 
. . .  4V2  X  4%  X  2%  high. 


HVC-11 

MVe-U 


Mwa 

BNL'l 

MW-t 

MW-I 

Mai-4 

MaL4 


.25/1  Hyt. 
2.5/10  Nyt. 

5/20  Mn. 
50/200  Hyt. 
100/400  Hyt. 
825/2500  Hyt. 
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Tracking  Man-Made  Moons.  Nose  cone  is  lowered  over  Navy’s 
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UCINITE  CO 


Newtonville  60,  Mass. 
Division  of  United-Carr  Fastener  Gorp, 


Ucinite  Magnetron  Connectors 


Ucinite  manufactures  a  variety  of  special 
connectors  for  the  heater  and  heater- 
cathode  terminals  of  magnetrons.  Many 
of  these  have  been  adapted  for  special  ap¬ 
plications  as  to  size  and  function  to  meet 
the  sealing  and  mounting  requirements  of 
high  temperature  and  high  altitude  opera¬ 
tion  and  other  special  conditions. 

Connectors  are  coaxial  in  construction 
and  can  be  supplied  with  built-in  capaci¬ 


tors  for  added  protection.  Connecting 
leads  of  any  length  can  be  furnished  to 
customer’s  specifications. 

With  an  experienced  staff  of  design  en¬ 
gineers,  plus  complete  facilities  for  volume 
production,  Ucinite  is  capable  of  supplying 
practically  any  need  for  metal  or  metal¬ 
and-plastics  assemblies.  Call  your  nearest 
Ucinite  or  United-Carr  representative  for 
full  information  or  write  directly  to  us. 
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V.  DEVIATION  PROM  CEI 


PREQUEP4CY 


MAXIMUM  TELEMETERED  RESPONSE  THROUGH 
FLAT  AMPLITUDE  AND  CONSTANT  DELAY 


CONSTANT  DELAY  BAND  PASS 
ClMAn«l  Fr«qii*ncy  P»rt  #  Delay  In  mt.  AAY 


In  keeping  with  its  reputation  as  a 
pioneer  in  the  field  of  toroids,  filters 
and  related  networks,  Burnell  &  Co. 
now  offers  a  complete  line  of  low  pass 
and  band  pass  constant  delay  filters 
for  standard  RDB  telemetering  chan¬ 
nels.  These  Burnell  constant  delay  fil¬ 
ters  combine  accurate  amplitude  and 
phase  to  effectively  limit  intelligence 
distortion  and  false  transients  to  a 
minimum.  Telemetered  signals  from 
off  course  missiles  or  those  in  distant 
or  terminal  flight  are  no  longer  blocked 
by  attenuation  and  noise. 

Amplitud*  and  PhoM  Nacaasary 

For  maximum  performance  of  tele¬ 
metering  systems,  it  is  recognized  that 
filtering  of  sampled  data  requires  both 
linear  phase  and  flat  amplitude  in  the 
pass  band.  However,  until  recently  a 
combination  of  the  two  in  one  unit  had 
not  been  available. 


Combination  Achieved 

Existing  sub  carrier  discriminators 
afford  no  better  than  a  choice  of  flat 
amplitude  pass  band  with  non-linear 
phase  in  one  filter  or  a  constant  time 
delay  filter  with  distorted  amplitude. 

In  contrast,  Burnell  constant  delay  fil¬ 
ters  combine  both — are  flat  within  3  db ^ 
over  the  pass  band — db  for  the  low 
pass  filters — and  possess  a  time  delay 
constant  within  5%. 

Write  for  Bulletin  CD  051 

TECHNICAL  DATA 

FOR  *  7>/i%  PASS  BAND 

1  Flat  within  3  db  over  pass  band 

2  21  db  at  ±  15%  of  center  freq. 

3  40  db  at  i:  22%  of  center  freq. 

4  Time  delay  over  the  pass  band, 
constant  to  £  5% 

FOR  ±  15%  PASS  BAND 

1  Flat  to  3  db  over  pass  band 

2  23  db  at  ±  30%  of  center  freq. 

3  40  db  at  ±  44%  of  center  freq. 

4  Time  delay  over  pass  band  constant 
to  ± 

Input  impedance  —  500  ohms 
-Output  impedance  —  500  ohms  and  high 
impedance  for  operation  to  a  grid 
-optional  impedance  available  on  special  order. 


PIONEERS  IN  TOROIDS,  FILTERS  AND  RELATED  NETWORKS 


lASTERN  DIVISION 
10  PELHAM  PARKWAY 
PELHAM,  NEW  YORK 
PELHAM  8-SOOO 
TWX  PELHAM  3633 


CASE  SIZE— 2"  X  3V2"  x  4'^,," 

•  INPUT  IMPEDANCE  =  500  ohms 

•  OUTPUT  IMPEDANCE  *  500  ohms  and  I 


s 

2S 

PACIFIC  DIVISION 

720  MISSION  ST. 

SOUTH  PASADENA,  CALIFORNIA 
RYAN  1-2841 
TWX  PASCAL  7578 
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Shoptalk  ... 

DESIGN  AUTOMATION — Will  the  engineer  ever  wind  up 
replacing  himself  with  a  computer? 

This  is  most  unlikely.  But  engineers  are  learning  how  to 
make  computers  do  many  routine,  time-consuming  jobs  in 
designing  electronic  equipment.  Right  now  computers  can 
digest  specifications  and  print  out  block  diagrams — even  making 
corrections  where  the  engineer’s  logic  is  faulty.  Next  step:  to 
print  out  complete  schematic  diagrams. 

Associate  Editor  Leary’s  story  on  p  20  will  bring  you  up  to 
date  in  a  part  of  the  automation  business  that  may  someday 
change  every  design  engineer’s  method  of  operation. 

TABULAR  ARTICLES — Many  of  Electronics’  most  widely 
quoted  engineering  articles  have  included  tabulated  design 
data.  In  our  repackaged  format,  the  editors  have  taken  steps 
to  insure  that  every  weekly  issue  carries  some  of  this  extremely 
popular  material. 

On  p  42,  Associate  Editor  Sideris  lists  some  two  dozen  kinds 
of  tape  and  film  insulation,  their  physical  and  chemical  char¬ 
acteristics,  and  their  specific  uses  in  electronic  equipment. 

On  p  49,  T.  L.  Greenwood,  of  the  Army  Ballistic  Missile 
Agency,  enumerates  four  types  of  electronic  liquid-level  detec¬ 
tors,  their  characteristics,  where  and  how  to  use  them. 

AIRCRAFT  EARLY  WARNING— News  of  USSR’s  9,000-mi 
ballistic  missile  is  forcing  another  crash  program.  If  the  Soviet 
news  is  true,  the  U.  S.  is  vulnerable  throughout  a  270-deg 
sector  instead  of  the  90-deg  polar  sector  presently  covered  by 
Ballistic  Missile  Early  Warning  System  (BMEWS)  radars  in 
Alaska,  Greenland  and,  possibly  soon,  in  Scotland. 

Plans  to  meet  the  9,000-mi  missile  challenge  include  greatly 
augmented  offshore  patrol  by  long-range  aircraft  equipped 
with  high-power  radar.  Proposals  are  streaming  into  Wash¬ 
ington  from  firms  anxious  for  a  crack  at  a  program  that  will 
reportedly  cost  more  than  $4  billion.  Associate  Editor  Mason 
rounds  out  the  picture  on  p  26. 

Coming  In  Our  January  9  Issue  .  .  . 

VOICE  DATA  LINK.  In  aircraft  intercept  operations,  the  neces¬ 
sity  to  automatically  process  radar  data,  and  accurately  and 
swiftly  compute  intercept  paths,  has  resulted  in  rapid  rates  of 
data  generation,  according  to  C.  W.  Poppe  and  P.  J.  Suhr  of 
Fairchild  Camera  &  Instrument  Corp.  in  Syosset,  N.  Y. 

The  authors  describe  a  system  which  accepts  the  outputs  of 
data-processing  equipment  and  automatically  converts  them 
into  a  verbal  message.  The  system  avoids  errors  of  human 
judgment  and  fatigue. 

F-M  CAPTURE.  In  conventional  f-m  reception,  the  weaker  of 
two  signals  is  normally  suppressed,  while  the  stronger  signal 
is  demodulated.  In  some  instances  the  weaker  signal  may  be 
the  desired  one. 

E.  J.  Baghdady  and  G.  J.  Rubissow  of  Massachusetts  Institute 
of  Technology  have  devised  a  system  in  which  a  stronger  and 
undesirable  f-m  signal  is  tracked  and  attenuated.  The  system 
permits  reliable  communication,  may  provide  more  efficient  use 
of  the  spectrum. 


Member  ABP  and  ABC 


High  capacitance  for  low  voltage  circuits  .  •  . 


TJNTA PA K  * 
CAPACITORS 


SPRAGUE’S  TANTAPAKS  are  the  newest  members 
of  the  Tantalex*  family  of  tantalum  electrolytic  capacitors. 
TANTAPAKS  have  as  much  as  2400  A  at  10  volts  d-c  or  as  little 
as  140  /:if  at  7  5  volts  d-c.  Five  case  sizes— ranging  from  less  than 
a  cubic  inch  to  a  mere  iVz  cubic  inches— are  identical  to  Type 
CP-90  paper  capacitors.  Standard  footed  and  spade-lug  brackets 
simplify  mounting.  All  units  are  dual-voltage  rated  for  operation 
at  both  85®C  and  125°C  under  2000  hour  life  tests. 

The  construction  of  TANTAPAK  Type  200D  capacitors 
assures  excellent  shock  and  vibration  resistance.  Glass-to-metal 
solder-seal  terminals  provide  positive  hermetic  sealing.  There 
are  no  electrolyte  leakage  problems. 

Porous  tantalum  anodes  give  better  leakage  and  temperature 
coefficient  characteristics  than  foil-type  capacitor  sections  of 
comparable  ratings.  In  addition,  the  impedance  and  equivalent 
series  resistance  of  Type  200D  are  superior  to  foil  units  at  high 
temperatures  and  frequencies. 


SPRAGUE 

tOOD 


u_a 


SPRAGUE 
200  0 


SPRAGUE 
200  0 


One-half  actual  size. 


Cet  complete  injormation  by  uritiug  for  Engineering  Bulletin 
No.  3705.  Address  request  to  Technical  Literature  Section,  Sprague 
Electric  Co.,  35  Marshall  Street,  North  Adams,  Massachusetts, 
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SPRRGUE' 

the  mark  of  reliability 


SPRAGUE  COMPONENTS: 

CAPACITORS  •  RESISTORS  •  MAGNETIC  COMPONENTS  •  TRANSISTORS  •  INTERFERENCE  FILTERS  •  PULSE  NETWORKS 
HIGH  TEMPERATURE  MAGNET  WIRE  •  CERAMIC-BASE  PRINTED  NETWORKS  •  PACKAGED  COMPONENT  ASSEMBLIES 
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Newest 


HONEYWELL  MINIATURE  RATE  GYROS 


Rugged 


enough  to  withstand  100  G  shock 


Typical  M  Series  Gyro  uridergoes  20  G  linear  Vibra¬ 
tion  Test  with  no  deterioration  of  performonce. 


Sensitive  enough  to  detect  OeOOS"*  per  second 


Model  M-1 
shown  octuol  size 


Honeywell’s  newest  miniature  rate  gyros.  Type  M  Series, 
are  rugged  enough  to  withstand  repeated  shocks  and  linear  ac¬ 
celerations  up  to  100  G  yet  sensitive  enough  to  detect  turn  rates 
of  only  0.005  degrees  per  second.  A  damping  ratio  variation  of 
2  to  1  or  better  is  maintained  without  heaters  by  a  unique  fluid 
damped,  temperature  compensated  system  that  assures  reliable 
operation  over  the  entire  operating  temperature  range. 


DESCRIPTIVE  DATA 

FULL  SCALE  RANGE:  to  400  dogroos  por  second 
THRESHOLD-RESOLUTION:  O.OOS  dogroos  por  second 
LINEARITY:  0.1  %  to  2  %  depending  on  range 
DAMPING:  2  to  1  lor  better) 

TEMPERATURE  RANGE:  —65  to  f  200  and  i  250°F 
SHOCK  AND  ACCELERATION:  100  G 
VIBRATION:  20  G  to  2000  cps 

PICKOFF:  Voriable  Reluctance  type  providing  infinite 
resolution  and  high  signal-to-noise  ratio 

MOTOR  EXCITATION:  26  volts,  400  cps  (standard) 

2  phase  and  3  phase 

SIZE:  1 "  diameter,  2  Ve  ”  long 

WEIGHT:  4.5  ounces 


Type  M  Series  Gyros  are  specifically  designed  for  autopilot 
damping,  radar  antenna  stabilization  and  fire  control  applications. 
Their  small  size,  high  performance  and  ruggedness  suit  them 
particularly  for  high  performance  military  aircraft  and  guided 
missile  applications.  Write  for  Bulletin  M  to  Minneapolis-Honey- 
well,  Boston  Division,  Dept.  7,  40  Life  Street,  Boston  35,  Mass. 


Honeywell 
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Higher  quality  silicon  can  improve  your  semiconductor 
device  yields.  Trancoa  offers  this  higher  quality  at  no 
increase  in  price! 

Grade  for  grade,  the  superior  quality  of  Trancoa  Silicon 
is  iissured  by  our  unique  process  and  exacting  specifica¬ 
tions.  In  addition  to  the  standard  tests  for  resistivity, 
lifetime  and  base  boron  level  —  every  lot  of  Trancoa 
Silicon  must  also  meet  two  other  important  requirements: 

Cleanliness  —  the  vital  factor  directly  affecting  your 
crystal  yield !  Trancoa  specifications  require  that  a  doped 
single  crystal  be  drawn  with  only  three-sixteenths  of  an 
inch  clearance  between  crystal  and  crucible.  Any  fuming, 
dross,  or  wetting  of  the  quartz  is  cause  for  internal 
rejection. 

Resistivity  Ratio  —  resistivity  uniformity  of  doped 
crystals  is  improved  perpendicular  and  parallel  to  the 
growing  axis.  Furthermore,  the  occurrence  of  P-N  junc¬ 
tions  is  eliminated.  Ratio  of  the  resistivities  at  the  10% 
and  60%  points  on  the  test  crystal  may  not  exceed  3:1. 


This  combination  of  a  new  improved  process  plus  added 
quality  standards  as.sures  you  of  receiving  better  silicon, 
thus  better  yields,  at  no  increase  in  cost. 


For  complete  information  write  for  brochure,  Trancoa 
Methods  for  Evaluating  Silicon,  Trancoa  Chemical 
Corporation,  Dept.  E-1,  312-326  Ash  Street,  Reading, 
Massachusetts. 


PRODUCT  SPECIFICATIONS 


Max.  Resistivity  I 


Ratio  for  10%  '  Max.  Boron  ; 
&  60%  Points  j  Content  (ppb)| 


Resistivity 
P-Type  N-Type 


Proved  reliable 
in  Major  Tropo- 
Scatter  Networks 


Field  experience  indicates 

15,000  hours  from  now,  this  Eimac 
2KW  KLYSTRON  will  still  be  in  service 


After  three  years  of  widespread  service  in  such  tropo- 
scatter  systems  as  Dew  Line,  White  Alice  and  Texas 
Towers,  typical  life  of  Eimac  3K3000LQ  klystrons  is 
nearing  15,000  hours  and  still  increasing.  Experience 
with  Eimac  klystrons  in  these  and  other  tropo-scatter 
systems  indicates  that  the  3K3000LQ  will  easily  exceed 
15,000  hours  typical  life.  This  exceptional  record  of 
long  life  and  high  performance  is  the  result  of  Eimac's 
conservative  design  and  advanced  manufacturing  tech¬ 
niques. 

The  Eimac  3K3000LQ  is  a  2  kilowatt  klystron  covering 
the  frequency  range  of  610  to  985  megacycles.  It  will 
June  over  the  entire  frequency  range  with  one  set  of 


external  cavities  and  is  capable  of  meeting  the  band¬ 
width  requirements  of  modern  tropo-scatter  systems. 
Eimac's  external-cavity  design  permits  this  wide  tuning 
range  and  bandwidth,  and  also  eliminates  problems 
inherent  in  flexible  vacuum  seals.  Systems'  operating 
costs  are  significantly  lowered  since  tuning  circuitry 
need  not  be  repurchased  when  tubes  are  replaced. 

The  3K3000LQ  is  typical  of  the  Eimac  family  of  1  and  2 
kilowatt  klystrons.  Other  tubes  in  this  family,  such  as 
the  3KM3000LA,  4KM3000LO,  3K2500LX  and  3K2500SG, 
cover  virtually  all  the  frequencies  from  375  to  2400 
megacycles.  For  complete  technical  data  on  these  ex¬ 
ceptional  power  amplifier  klystrons,  write  the  Eimac 
Application  Engineering  Department. 


EITEL-McCULLOUGH,  INC. 

8  AN  CARLOS.  CALIFORNIA 
with  eeramie  tubes  that  can  take  it 


Cable  address 
EIMAC 
Son  Carlos 
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BUSINESS  THIS  WEEK 


ELECTRONICS  NEWSLETTER 

ATLAS  MISSILE  SATELLITE  fired  into  orbit  last 
month  carried  a  communications  system  devel¬ 
oped  by  U.  S.  Army  Signal  Research  and  Devel¬ 
opment  Laboratory,  Ft.  Monmouth,  N.  J.  Instru¬ 
ment  package  and  receivers  were  developed  with 
several  electronics  firms,  including  RCA’s  Astro- 
electronics  division  and  Convair  Astronautics  di¬ 
vision.  System  was  designed  to  receive  trans¬ 
missions  from  the  ground  and  later  relay  them 
with  a  transmitting  power  of  8  w  on  132.435  and 
132.905  me  directly  back  to  earth  or  from  storage 
on  command;  it  handles  one  voice  or  seven  tele¬ 
typewriter  messages.  Two  beacon  transmitters 
operating  on  107.938  and  107.97  are  used  for 
tracking.  Total  payload  of  150  pounds  includes 
two  35-pound  packages,  each  containing  a  com¬ 
munications  transmitter,  recorder  using  erasable 
magnetic  tape,  zinc-silver  battery  and  other  com¬ 
ponents.  GE  gear  takes  care  of  tracking,  meas¬ 
uring  and  ground-to-missile  data  transmission. 
Burroughs  is  responsible  for  ground-based  com¬ 
puter  which  figures  trajectory  and  determines 
commands  for  steering  vehicle  into  orbit. 

4RMY  has  ordered  a  solid-state  computer  of  mod¬ 
ular  design  for  use  by  the  U.  S.  Continental  Army 
Command  in  simulated  war  games.  IBM  Military 
Products  division,  the  developer,  says  the  system 
will  be  transportable  via  truck  and  will  permit 
participants  representing  many  different  units  to 
take  part  at  once  in  a  simulated  combat  situation. 

AIR  FORCE  CANCELLATION  last  month  of  diver¬ 
sionary  surface-to-surface  Goose  missile  was  at¬ 
tributed  to  rapidly  changing  operational  concepts. 
However,  some  observers  see  economy  as  an 
equally  compelling  reason.  They  think  the  air- 
launched  Quail  may  do  the  same  decoy  job  with¬ 
out  the  need  for  costly  ground  sites.  Thomp.son 
Ramo  Wooldridge,  responsible  for  ecm  on  Goose, 
is  also  responsible  for  Quail’s  ecm. 

FEDERAL  AVIATION  AGENCY  is  taking  over  the 
CAA  Technical  Development  Center  at  Indian¬ 
apolis  and  is  transferring  its  activities  to  Atlantic 
City,  N.  J.  There,  all  airways  modernization  R&D 
is  being  consolidated  in  FAA’s  National  Aviation 
Facilities  Experimental  Center  (NAFEC).  As  of 
yesterday,  all  CAA  functions  are  part  of  FAA. 

Gold-doped  germanium  cube  under  study  by  General 
Bronze  looms  as  a  possible  infrared  eye  for  the 
Sentry  reconnaissance  satellite.  Placed  in  micro¬ 
wave  cavity  it  detunes  balanced  bridge  when  illum¬ 
inated. 

REVISED  PHYSICS  INSTRUCTION  in  many  U.  S. 
colleges  requires  more  and  better  types  of  elec¬ 
tronic  training  apparatus.  American  Institute  of 
Physics  says  a  survey  reveals  need  for:  apparatus 


to  illustrate  recent  developments  in  physics;  ap¬ 
paratus  to  illustrate  classical  physics  by  use  of 
improved  techniques;  and  gear  for  physics  dem¬ 
onstrations  to  large  classes. 

IGY  300-MILE  ALTITUDE  RESEARCH  ROCKET 
was  successfully  fired  last  month  by  the  Air 
Research  and  Development  Command.  Rocket 
reached  heighf;  of  260  mi.  with  an  overweight 
payload.  Telemetered  data  indicated  that  the 
system  design  requirement — flight  with  a  50- 
pound  payload  to  300  mi. — had  been  achieved. 
Scientists  said  the  “Spaerobee”  rocket,  which 
combines  an  Aerobee-Hi  propellant  rocket  with  a 
second-stage  solid  propellant  Navy  Sparrow,  pro¬ 
vides  a  “relatively  inexpensive  vehicle”  to  push 
beyond  100-mi.  ceiling  of  previously-fired  IGY 
rockets. 

Soviet  scientists  claim  to  have  achieved  a  ^-million  C 
temperature  in  plasma,  possible  advance  toward 
generating  controlled  thermonuclear  power.  How 
they  did  it  is  not  revealed  yet. 

SOME  258  VORTAC  STATIONS  will  be  installed 
and  ready  for  operation  by  June  30  at  civil  air¬ 
fields  all  over  the  country.  That’s  the  report 
from  International  Telephone  and  Telegraph 
Corp.  which  announced  a  contract  signing  last 
month.  ITT’s  service  arm,  Federal  Electric  Corp., 
will  provide  40  teams  of  electronics  experts  to 
install  and  test  the  gear  as  it’s  delivered.  So  far, 
nine  of  the  short-range  navigation  systems  have 
been  commissioned,  with  26  operating  on  test. 

BRITISH  FIRM  EMI  Electronics,  reported  entering 
the  U.  S.  industrial  electronics  market  with  a 
giant,  high-speed  computer  ( ELECTRO KICS,  p  7, 
Dec.  5,  1958),  now  says  it’s  pushing  into  Canada 
too.  EMI  is  joining  forces  with  another  British 
firm,  A.  C.  Cossor,  which  already  has  a  Canadian 
subsidiary  making  and  selling  defense,  communi¬ 
cations  and  technical  instrumentation,  radar  and 
radio  gear.  EMI  plans  to  finance  expansion  of 
the  subsidiary,  which  it  will  control  and  rename 
EMI-Cossor  Ltd. 

NEW  PARAMETRON  COMPUTER  is  just  reported 
developed  at  Japan’s  Tohoku  University.  Nippon 

^  Electric  Co.  worked  with  the  university  to  over¬ 
come  the  nine-digit  limitation  of  earlier  com¬ 
puters  using  the  Japanese  magnetic  devices.  New 
unit  handles  figures  containing  up  to  12  digits 
and  can  take  200  different  instructions. 

TWO  HAWK  MISSILE  CONTRAC'TS  totaling  $35.4 
million  was  awarded  Raytheon  Manufacturing  Co. 
Army’s  Boston  Ordnance  District  awarded  a  $14.8- 
million  contract  for  Hawk  production,  a  $20.6- 
million  contract  for  production  of  ground  support 
equipment  for  the  Hawk  program. 
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IH  EV€RY  FIELD,  THERE  1$  ONE 
FOREMOST  NAME  ...  IN  SONIC 
ENERGY,  THAT  NAME  IS  BENOIX 


T 

HOW  TO  TELL  IF 
SONIC  ENERGY 
CLEANING  FITS  INTO 
YOUR  PICTURE 


Open-minded  to  f>os.sible  ways  of  improv¬ 
ing  your  production  operation — and 
your  product?  Wondering  about  the 
possibilities  of  Sonic  Energy  Cleaning  in  I 
that  direction? 

Here  are  four  facts  you  should  know. 

1.  Where  applicable  (it  isn’t  always), 
Bendix  Sonic  Energy  Cleaning  is  the 
proved  way  to  reduce  cleaning  rejects,  to 
lower  costs,  and  to  improve  product 
performance. 

2.  Bendix  pioneered  in  developing  this 
type  of  cleaning  and  is  today  the  fore¬ 
most  Sonic  Energy  organization — with, 
by  far,  the  most  system  and  application 
experience. 

3.  The  Bendix  Sonic  Energy  Applica¬ 
tions  Laboratory  is  unmatched  for  pro¬ 
duction  experience  and  specialized 
facilities  to  provide  the  most  efficient 
answer  for  cleaning  applications  that 
can  use  Sonic  Energfy  to  advantage. 

4.  Bendix  offers  a  complete  line  of  Sonic 
Energy  Cleaning  systems.  And,  with 
Bendix  flexibility,  you  can  quickly  and 
positively  select  the  equipment  which 
has  valid  economic  Justification. 

SEND  FOI  LATEST, 

MOST  AUTHORITATIVE  REPORT 
ON  SONIC  ENERGY  CLEANING 

Explaini  in  detail  the 
principle!  and  work¬ 
ing!  of  Iht!  proceu. 
Slinlrate!,  deicribe!  and 
onolyze!  typical  rewlta. 
Outline!  flve-!tep  plan 
to  help  you  determine 
feadbility  of  Sonic 
Energy  Cleaning  for 
you.  To  get  your  copy,  writei  PIONEER-CENTRAL 
DIVISiON,  BENOIX  AVIATION  CORPORATION, 
3701  HICKORY  GROVE  ROAD,  DAVENPORT, 
IOWA. 
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WASHINGTON  OUTLOOK 


Industry  interest  in  the  Air  Force’s  proposal  for  a  third  ballistic  missile 
early  warning  system  (BMEWS)  site  has  been  rekindled  by  reports  from 
London  that  United  States  and  British  .scientists  are  “discussing  plans 
for  a  powerful  radar  station  in  north  Scotland  to  warn  against  possible 
missile  attacks.’’ 

Earlier  this  year,  the  Pentagon  had  shelved  plans  for  a  third  BMEWS 
installation  near  Prestwick,  Scotland,  and  approved  work  on  only  two 
sites — at  Thule,  Greenland,  and  near  Fairbanks,  Alaska — at  a  total  cost  of 
$800  million.  About  half  this  sum  will  be  spent  on  development,  manu¬ 
facture,  and  installation  of  electronic  equipment. 

The  apparent  resumption  of  planning  for  the  Scotland  BMEWS  site, 
however,  does  not  necessarily  mean  work  orders  for  the  project  are  immi¬ 
nent.  The  Defense  budget  for  fiscal  1960  won’t  even  include  requests  from 
Congress  for  a  construction  authorization  or  a  construction  appropriation 
— two  requisites  before  work  on  the  bases  can  begin. 

But  the  Pentagon  needs  no  such  specific  approval  from  Congress  to 
begin  procurement  of  the  additional  electronic  equipment  for  the  third 
BMEW’S  installation. 

Upcoming  budget,  therefore,  will  not  necessarily  provide  a  tip-off  on 
whether  the  third  BMEWS  ba.se  has  now  been  approved  by  the  Pentagon. 

RCA  holds  the  Air  Force’s  prime  contract  as  system  manager  for  the 
BMEWS  program.  Major  subcontractors  are  GE,  Goodyear  Aircraft, 
Sylvania,  and  Western  Electric. 

•  Electronics  companies  once  more  dominate  the  Pentagon’s  latest 
listing  of  the  500  leading  industrial  prime  contractors  for  military 
research  and  development  work. 

New  listing  covers  contracts  awarded  in  fiscal  1958,  which  ended 
last  June  .30.  With  just  a  handful  of  exceptions,  the  top  .50  compa¬ 
nies  are  either  electronics  producers,  aircraft  companies  or  firms  in 
other  hard-goods  industries  which  have  diversified  into  electronic 
work. 

For  the  second  straight  year,  GE  tops  the  list.  During  fiscal  1958 
its  prime  military  R&D  contract  awards  amounted  to  $302  million. 
Following  in  the  contract  ranking:  North  American  Aviation,  $288..3 
million;  General  Dynamics,  $256  million;  Boeing,  $245.3  million; 
Lockheed,  $181.1  million;  Martin,  $168.9  million;  Westinghouse, 
$163.4  million;  Sperry  Rand,  $139.3  million;  Douglas  Aircraft,  $136.8 
million;  and  Hughes  Aircraft,  $132.2  million.  The  sums  for  companies 
like  NAA  and  General  Dynamics,  of  cour.se,  include  electronic  work. 

Other  leading  electronics  R&D  contractors:  W’estern  Electric. 
$116.7  million;  Raytheon,  $65.6  million;  RCA,  $60.8  million;  Ramo 
Wooldridge.  $44.5  million;  American  Bosch  Arma,  $44.3  million; 
Bendix,  $31.2  million;  IBM,  $28.5  million;  Burroughs,  $25.2  million; 
Sylvania,  $19.8  million;  Minneapolis-Honeywell,  $17.3  million;  Col¬ 
lins  Radio,  $17  million;  ITT,  $16  million;  Motorola,  $14.7  million; 
Philco,  $13.8  million;  Melpar,  $13.6  million;  Aeronutronic  Systems, 
$10.3  million;  Litton  Industries,  $9.4  million;  Hallicrafters,  $8.6 
million. 
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give  you  750  mA  af  200,  400  and  600  PIV 


IMMEDIATE  DELIVERY!  You  gel  ihe  inherenl  high 
reliability  of  silicon  with  new  T1  silicon  economy  rectifiers 
note  available  in  commercial  production  quantitiea! 
These  newest  T1  rectifiers  withstand  a  surge  current  of  32  amps  up 
to  one  millisecond  and  operate  at  temjjeratures  up  to  +  100°C. 
Miniature  nylon-epoxy  case,  0.25  inch  long  and  0.20  inch  in 
diameter,  meets  the  rugged  environments  of  M1L-STD-202A. 
Priced  competitively  with  selenium  and  germanium  rectifiers,  the 
new  TI  series  is  ideal  for  use  in  your  low  current  power  supplies, 
computer  circuits ...  for  your  large  volume  applications  where 
small  size,  reliability  and  low  cost  demand  important  consideration. 
Check  the  specifications  below  for  the  unit  most  suited  to  your 
particular  requirements. 

Quantities  to  meet  your  immediate  needs  are  now  in  stock 
at  TI  distributors  or  through  your  nearest  TI  sales  office. 


Max  Ratings  at  25 '’C 

PIV  Peak  Inverse  Voltage 

Vrms  RMS  Voltage 

10  Average  Rectified 
Forward  Current 

11  Recurrent  Peak  Current 

Ta  Operating  Temperature 

Electrical  Specs  at  lOO^C 

Maximum  Dynamic  Reverse 
Current 

Maximum  Dynamic  Forward 
Voltage  Drop 


WORLD’S  LARGEST  SEMICONDUCTOR  PLANT 
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DC  llUlUltPtUS 


These  are 


instruments 


engineered  and  built  to  stay  accurate 


METERS  FOR  EVERY  NEED 


available  from  stock 
or  custom-built 


ELECTRIC  P  COMPANY 
5203  W.  Kinzi*  St.,  Chicago  44,  III. 

Phena:  EStobrook  9-1121 
In  Canada:  Bach-Simpten  Ltd.,  London,  Ontarid 
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FINANCIAL  ROUNDUP 

Sylvania-GT  Vote  Feb.  11 


Sylvania  and  General  Telephone 
stockholders  will  vote  Feb.  11  on 
proposed  merger  of  the  two  firms. 

If  approved,  merger  will  become 
effective  early  in  March.  For  merger 
details  see  Electronics,  p.  6,  Nov. 
28,  1958. 

•  Stock  splits  wax  popular 
among  electronics  firms.  Latest  an¬ 
nouncement  comes  from  ITT, 
which  plans  a  2-for-l  split.  Nu- 
clear-Chicago  and  Lockheed  Air¬ 
craft  also  recently  arranged  for 
2-for-l  splits  of  their  stocks.  Splits 
increase  number  of  shares  held  by 
stockholders  but  leave  their  per¬ 
cent  of  ownership  interest  un¬ 
changed.  Splits  are  common  in 
periods  of  rising  stock  prices  and 
ease  stock  buyers’  problem  of  in¬ 
vesting  by  lowering  the  market 
price  per  share. 

•  Ferro  Dynamics  of  Lodi,  N.  J., 
issues  100,000  shares  of  common 
stock  at  $3  per  share.  Money  will 
be  used  to  increase  working  cap¬ 
ital,  retire  loans,  buy  machinery 
and  equipment,  and  for  research 
and  development.  Underwriters: 
Milton  D.  Blauner  and  Hallowell, 
Sulzberger,  Jenks,  Kirkland  &  Com¬ 
pany. 

•  Small  Business  Administra¬ 
tion  makes  loans  to  four  elec¬ 
tronics  manufacturers:  Republic 
Electronic  Industries,  Farming- 
dale,  N.  Y. — $45,000;  Radar  De¬ 
sign,  Syracuse,  N.  Y. — $12,000; 
Minco  Products,  Minneapolis, 
Minn. — $15,000;  Tritronics  Lab., 
Euless,  Tex. — two  loans  totaling 
$70,000.  These  loans,  in  which  SBA 
directly  participated,  are  distinct 
from  the  Small  Business  Investing 
Corp.  program  which  SBA  super¬ 
vises. 

•  Silicon  Transistor,  Carle 
Place,  Long  Island,  N.  Y.,  plans  to 
issue  200,000  shares  of  common 
stock  at  $3  per  share.  No  shares 
will  be  issued  until  a  minimum  of 
100,000  shares  have  been  sub¬ 
scribed. 
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Arnold  Malkan,  a  director  of  the 
firm  and  formerly  board  chairman 
of  General  Transistor,  has  agreed 
to  purchase  all  of  remaining 
shares  if  100,000-share  minimum 
subscription  figure  is  reached. 
Organized  last  Oct.,  firm  intends 
to  make  silicon  power  transistors 
and  silicon  diodes.  Proceeds  will 
be  used  to  purchase  manufactur¬ 
ing  and  test  equipment  and  for 
working  capital. 


OVER  THE  COUNTER 


WEEK  ENDING 


1958  BIOS 

COMMON 

Dac.  12  Dac.  19 

LOW 

HIGH 

STOCKS 

BIO 

BIO  ASKED 

3% 

19% 

ACRWtICS  ASSttS 

21 

24% 

29% 

1% 

2% 

AiraKR  liARstrlts 

1% 

2% 

3% 

3W 

6% 

AtrtrRE 

6% 

6% 

7V* 

2OV2 

30% 

Antr  Rm  a  Dtr 

33 

36 

39Tk 

16V« 

24V4 

AMP  Ik. 

23% 

23 

26Va 

17H 

68V4 

Anpti 

69 

58 

71 

5Vi 

IS 

Agpl'«  Sci  PrlKit 

9% 

8% 

11 

IVk 

7% 

Arlti,  A 

7% 

7% 

10% 

24 

lairA-AUaic 

22 

22 

24% 

m 

13 

•iniCy 

12V4 

13% 

14% 

Kk 

9 

CtkR  tlKtrsilcs 

7% 

7 

7% 

11 

18% 

CtlllM  RrCIr,  a 

lfrV4 

21% 

24% 

lOiA 

18% 

Ctlliis  RsCIr,  b 

16% 

21% 

23% 

4 

7 

Craig  Systaas 

5V4 

6% 

7% 

X 

50% 

DictapktM 

52 

SO 

53% 

ITH 

25% 

Eastini  iKntrias 

22% 

21% 

23% 

ZZH 

27% 

Eltal-McCallaagk 

28 

29V4 

31% 

21 

Elactrt  iMtr 

20% 

20% 

23 

34 

47% 

ElMtraalc  Assacs. 

41 

46% 

51% 

5 

10% 

ElKtraale  Rasaarck 

11% 

11 

14% 

12% 

ElKtraalc  Spac  Ca 

11% 

11% 

13% 

I5V4 

49% 

Epsca,  Ik. 

50% 

44% 

55 

SVi 

9% 

Erie  RMlstar 

8% 

8% 

9% 

10 

17% 

FIsekar  A  Partar 

14V1I 

15 

16% 

36^4 

45% 

Faakara 

45 

49% 

Wt 

10% 

C-l  ElKtraaics 

10 

10 

ii% 

12 

27 

CiaMlal 

27% 

26% 

29% 

30 

37V4 

Haartatt-PKkara 

37% 

41 

46% 

23V4 

48 

Higk  Valtaga  Eag. 

47 

47 

50% 

m 

3 

Hycaa  Mfg 

2% 

2% 

3 

1V« 

5% 

laCMtra  frNS'tar 

2% 

2% 

3% 

1% 

4% 

latralR 

4% 

4 

5 

21 

X 

1.  S.  RaaKRy 

30 

29 

32 

3V4 

26% 

Lak  Far  Ertraaics 

23% 

26% 

33 

19V4 

25% 

LaaCs  t  Nartkrap 

25% 

26% 

33% 

2 

3% 

LKtraalcs 

2% 

1% 

2% 

5 

18% 

Liag  ElKtraaics 

18% 

18% 

20% 

16 

19V4 

MKklatt  Labs 

19% 

20Va 

22% 

3V4 

7% 

MagKtic  AnpllRars 

8% 

8% 

9% 

t>>t 

4% 

MagKtics,  Ik. 

4% 

4 

4% 

4H 

12 

W.  1.  Maasti 

11% 

10% 

12% 

10% 

24% 

Mitrtama  Assacs. 

26% 

31 

34% 

5% 

10% 

MIRwastara  iHtr 

10% 

11 

14% 

1% 

5% 

MaKgraai  PrKlsiaa 

6V4 

7 

8 

3% 

7% 

Naria  Mlcrawara 

7% 

7 

7% 

9% 

13 

Natlaaal  Canpaay 

13 

13% 

15% 

14V4 

56 

NKlaar  Ckicaga 

31% 

37 

47Va 

14% 

25% 

OrraCia  laCMtrlai 

26 

30% 

34% 

4% 

7% 

PkIRc  Marcary,  A 

6% 

6% 

7% 

10% 

21% 

PKkarR-lall 

21% 

30 

33% 

4V4 

9% 

PaKlIlt,  Ik. 

9 

8% 

9% 

21 

53 

Parkia-Elnar 

SO 

57 

66% 

11% 

19% 

RaCiatlaa,  A 

16% 

18 

2% 

7% 

Raaras  SaaaKraft 

7 

7% 

13 

32% 

$MKn  Assaclitas 

31% 

30 

35% 

7 

12 

SaaaCScrIkar 

11% 

13% 

16 

22% 

40 

SpragK  ElKtric 

39% 

4044 

45% 

26 

34 

Taylar  lastranaats 

33% 

35% 

38% 

5% 

11% 

iKkalcal  Oparat'n 

11% 

15% 

18% 

5% 

12% 

TalKkraaM  Mfg. 

12 

13% 

18 

3V4 

7% 

TalKaNpatiag 

7% 

8% 

9% 

1% 

2% 

Tal-lastraaMat 

2% 

2% 

3% 

8% 

I6V4 

Tapp  ladntrias 

13% 

12% 

14% 

3% 

10 

TrKarlak 

10 

10% 

12% 

1% 

3% 

Ualrarsal  TraK'tar 

2% 

2H 

4% 

14% 

35% 

VariM  Auaeiatas 

33% 

36% 

42% 

12% 

18% 

Vltra  Carp.  Aaar. 

14% 

14% 

17% 

The  above  "bid”  and  "asked”  prices  prepared 
by  tbe  National  Association  of  Securitifs 
Dfalers,  Inc,,  do  not  represent  actual  trans* 
utions.  They  are  a  guide  to  the  range  with¬ 
in  which  these  securities  could  have  been 
Mid  (the_  "BID”  price)  or  bought  (the 
"ASKED”  piice)  during  preceding  week. 


LECTRONIC 

TUBES 


lectronic  Tube 

PROTECTOR 


DMlfiMd  T«  Prwfwcl  All  ilwelrwnic  TubM 
In  TV  ar  M-Pi  S«t«,  AmnlHIart,  «nd  Simil«r 
ilacIrNNic  ii|i»inNi*Nl.  Will  D«mM«  nt  Tirlpla 
TmIm  Ufa  IncladlNfl  Plctwra  Twbat. 


ATI  Bactronic  Twba  frotactors  wM  doubla 
or  tripla  lha  Ufa  of  oN  alactronid  Iwbas  btclud- 
fatg  pidwra  Ivba  in  TV  or  Hi-Fi  Sati,  AmplHlart, 
Bactronic  Orgont,  ond  olbar  similar  alactronic 
aqaipmant.  Tba  ATI  Bactronic  Tuba  Frotactor 
wtiizas  o  tharmol  cvshion-action  principla  which 
oho  protacts  aM  othar  componants  by  alimi- 
noting  initial  domoging  swrga  currants.  Tha 
ATR  Bactronic  Tuba  Frotactor  con  ba  usad 
with  any  alactronic  aquipmant  having  input 
wottoga  of  100  to  300  watts. 


Vm  aNfU  Vm  kskik  Vmw  uteutim 

Mmi  IMMMrt,  K  IC  Imttsti,  km  Mr  vartMfS 

Amukak  JutmoH  «  Rdoio  Co. 
r  1  Iw#  TWwiSs  S4mm  ffS/ 

SAPn  PAM  I,  NUWWMOTA,  U.  I.  A. 
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100%  stronger  cathodes 

soak  up  impact  —  tubes  last  far  longer 


New  electronic  equipment  can  be 
built  to  take  greater  abuse  than  ever. 
Because  with  new-type  cathodes 
from  Superior  Tube,  electron  tubes 
can  live  through  far  heavier  impacts. 

These  cathodes  are  made  of 
Superior's  recently  developed  cath¬ 
ode  alloy  Cathaloy*  P-51.  Under 
actual  operating  conditions,  care¬ 
fully  controlled  tests  prove  Catha¬ 
loy  P-51  to  be  100%  stronger  than 
standard  passive  alloys.  For  the 
active  series,  Superior  has  already 


provided  Cathaloy  A-31.  In  count¬ 
less  high  impact  applications,  now 
electron  tubes  can  give  longer,  more 
dependable  service. 


Superior  Tube  engineered  this  latest 
advance  to  help  you  ...  in  line  with 
its  constant  effort  to  develop  ever 
better  cathodes  for  the  improve¬ 
ment  of  electron  tubes.  For  infor¬ 
mation  about  Superior  Cathodes, 
write  for  Catalog  Section  5'l, 
Superior  Tube  Company,  2500 
Germantown  Ave.,  Norristown,  Pa. 


Magic  in  Molai.  Tiny  cathode  shown  has  o  blend  of 
exactly  the  right  ingredients  to  produce  new  strength, 
with  the'  desiroble  electrical  characteristics. 


w  The  big  name  in  small  tubing 

NORRISTOWN,  PA. 

Johnson  &  Hoffman  Mfg.  Corp.,  Mineola,  N.Y. — on  affiliated  company  moking  precision  metal  stamp¬ 
ings  and  deep-drawn  parts,  such  as  those  used  in  the  electron  guns  that  go  with  this  new  cathode. 
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mflDBSY  VARIBTY  of  Alumina  ntotorials  availablo  from  any 
sourco.  Vitrifiod  or  porous  compositions  ...  85%  and  highor.  Industry 
approved  .  .  .  accurately  controlled.  Greater  freedom  for  designers  who  can  j 
usually  find  in  our  special  purpose  AISiMog  Alumina  materials  the  exact  combi¬ 
nation  of  characteristics  desired.  Custom  formulations  for  unusual  requirements. 


A  Subsidiary  of 
Minnesota  Mining  and 
AAanufacturing  Company 


Nr  sarvka,  contact  Aassrici  tnvn  lapissanltteaa  in  OOces  of  SHnnasata  Mining  ^Mfg.  Cn.  in  thaaa  cMoa  (sen  ynnr  leeol  tahpliaaa  eran»ary)i 
Artnnta,  0&  *  Sosten:  Newton  Center,  Moss.  *  Svffoin,  N.  Y.  *  Cbicagoi  ledford  Nrii,  IN.  *  Cindnnoli,  O.  *  Ctev^nd,  O.  *  Doiios,  Taaas  * 
troti.  Mkh.  *  High  Poinl.  K  C  *  lee  Angetos.  CnL  *  New  Verfci  Kidgefield,  N.  J.  *  PhilodelpMa,  Po.  *  St.  Louis,  Mo.  *  St.  Poui,  Mian  *  So. 
Son  Froncisce,  Col.  *  Soottle,  Wosh.  Cnnndat  Minnsioto  Mining  S  Mfg.  of  Conodo,  Lid.,  P.  O.  Box  737,  London,  Ont.  AN  other  export]  Minno* 
iota  AAining  ft  Mfg.  Co.,  laternotl.  Div,,  P9  Pork  Avo.,  New  York,  N.  Y. 


SUPER  PROPERTIES:  High  strength— tensile, 
flexural,  compressive.  Superior  electrical 
characteristics  at  high  temperatures  and 
frequencies.  Rugged  resistance  to  thermal 
shock,  mechanical  shock,  vibration,  abra* 
sion.  Hardness  up  to  9  on  Mohs’  scale. 
Chemically  inert.  Permanently  rigid.  With¬ 
stand  radiation  bombardment  without  pro¬ 
ducing  contaminants. 

OTHER  PLUS  FACTORS:  Precision  toler¬ 
ances.  Wide  range  of  physical  sizes  and 
shapes,  standard  and  custom  designs.  Fast 
delivery  in  any  quantity.  Prototype  service 
if  desired  .  .  .  enables  designer  to  test  per¬ 
formance  under  actual  operating  conditions 
before  investing  in  tooling.  Continuing  re¬ 
search  to  satisfy  customers’  current  and 
future  requirements. 

Blueprint  or  sketch,  with  details  of  opera¬ 
tion,  will  bring  you  complete  information 
on  the  AISiMag  Alumina  best  suited  for 
your  application.  NEW  Bulletin  575  cover¬ 
ing  several  of  the  most  popular  AISiMag 
Aluminas  sent  on  request. 


PRECISION 

DEFLECTION 


WITH 


COMP(SiNKNTS  |  DIVISION 


CANADA  LIMITED 


301  VVindtor  St*  Halifax,  N.  S. 

B230  Mayrand  St.,  Montreal.  Que.  * 

64SA  Yonge  St.,  Toronto,  Ont. 

Corporation  Houae.  160  Laurier  Weat.  Ottawa,  Ont. 


MARKET  RESEARCH 


Survey  Gives  Parts  Ratios 


TUBES 


RESISTORS 


CAPACITORS 
RELAYS 
CRYSTAL  OlOOES 
TRANSFORMERS  a  COILS 
CONNECTORS 


Component  Development 
Engineering  at  its  BEST  I 

•  advanczd  electrical  debion 

•  RRBCaiON  MECHAmCAL  DEBION 
•  ACCURATE  PRODUCTION  METHODS 

Custom  BuUt  to  the  moot 
CxActinf  Spoeificotiono 
|>y  Coooor  Enginooro 

la  MuawtAl  Ceeee  lee  Opttmeai  Oeeasetry 
la  rmrite  Oeeee  lee  gpeed  ea4  teaattivitv 

la  ll9a-TT'<;r«tis  Ceeee  lee  Peeleetiea  el  lUepeaee 


RATIOS  SHOWN 
FOR  100  PARTS 


SWITCHES 
BLOWERS,  MOTORS 
MISCELLANEOUS 


RELATIVE  NUMBER  OF  COMPONENTS  IN  NONTRANSISTORIZED 
MILITARY  COMMUNICATIONS  SETS-1958 


Any  of  Coaaor‘t  Throo  Coro  Trpoa  i 
mode  IB  single  or  double  oila  with  all 
MMh'pwU  windings,  and  oncapaulacs 
hiod  or  eltp  ring  (routing)  uao. 


Recent-  breakdown  of  components 
in  military  sets  gives  component- 
makers  one  yardstick  for  produc¬ 
tion.  These  manufacturers  often 
try  to  relate  their  projected  output 
to  probable  electron-tube  produc¬ 
tion. 

In  the  graph  above  are  shown 
relative  numbers  of  circuit  com¬ 
ponents  in  more  than  a  dozen  of 
the  latest  declassified  military  ra¬ 
dar,  direction  finding  and  commu¬ 
nications  sets  not  using  transistors. 
These  particular  sets  probably  rep¬ 
resent  the  highest  degree  of  non- 
transistorized,  nonhybridized  cir¬ 
cuitry  which  will  be  employed  for 
radar  and  communications  sets. 

The  bars  show  how  many  parts 
per  one  hundred  components  of  all 
types  will  be  electron  tubes,  how 
many  capacitors,  resistors,  etc.  Con¬ 
verting  the  parts  per  100  to  simple 
ratios  per  electron  tube  provides 
the  following:  Resistors,  5.0;  capa¬ 
citors,  2.8;  relays,  0.26;  crystal 
diodes,  0.09;  transformers  and 
coils,  0.93;  connectors,  1.2; 
switches,  0.49;  blowers  and  motors, 
0.1 ;  miscellaneous,  0.52. 

•  Government  spending  is  going 
to  continue  growing  far  into  the 
future,  although  our  industrial 
and  consumer  markets  will  also 
become  increasingly  larger.  Mili¬ 
tary  spending  is  seen  providing 
the  market  for  about  half  of  all 
electronic  end  products  for  many 
years  ahead. 


Despite  a  poor  showing  in  the 
first  half  of  1958,  sales  for  the 
year  were  up  from  1957’s  totals. 
Sales  by  major  categories  were: 
Military,  $4.5  billion;  industrial, 
$1.37  billion;  and  home  entertain¬ 
ment,  $1.3  billion. 

These  totals  exclude  sales  of  re¬ 
placement  parts,  broadcast  time 
and  talent,  service  and  distribution 
income.  Comparable  figures  for 
1959  will  probably  be:  $5  billion, 
$1.5  billion,  and  $1.5  billion  re¬ 
spectively. 

Electronics’  share  of  both  air¬ 
craft  and  missile  expenditures  is 
increasing  rapidly.  Likewise  it 
seems  certain  that  military  ex¬ 
penditures  for  fiscal  1960  will  be 
considerably  higher  than  present 
budget  estimates. 


th«  ^ot  poMtioQ  will  COB' 
form  to  the  yoke  current 
co-ordinatce  within  0.2S% 
of  tube  diemeter  For 
floction  enclee  teee  them 
t  35*  better  eccumcy  can 
eneily  be  achieved. 

0.5%  max.  without  over* 
•wing; 

0. 1  %  or  lets  with  controUod 
overt  wing. 


Complete  micapeuUiion  in  epoxy  (ttycMt)  or 
•Uieofw  reeini  it  •taadard  for  all  Cottor  deflocuon 
yokca,  and  It  done  with  ^tecial  moulding  toolt 
eneoHung  ntourau  alignm^t  of  the  yoke  exit.  When 
•lip  ringt  arc  added,  tolid  eilver  riogt  are  mounted 
In  encapaulating  reein.  The  finiebed  tltp  ring  yoke 
it  preciaion  turned  to  centfc  bore,  and  can  include 
ha^ng  mounting  turfaccs  vnh  dimensional  toler* 
aacet  approodiing  thoee  eeaociabie  with  high  quality 


100  W  Inductanc*  la  Hanrli 


geaeMMIy  degfeatf  mtUUi 


aiUUh«iwiee 

rVehtfoTvO 


FIGURES  OF  THE  WEEK 


LATEST  WEEKLY  PRODUCTION  FIGURES 

riii  Dec.  12  Nov.  14,  Change  From 

(Source.  EIA) 

Television  sets  97,172  112,202  —16.4% 

Radio  sets  (ex.  auto)  318,894  364,941  — 14.6% 
Auto  sets  122,914  113,309  -H  3.9% 


STOCK  PRICE  AVERAGES 


Dec.  17,  Nov.  19,  Change  From 
1958  1958  One  Year  Ago 

71.05  66.64  +41.3% 

80.16  69.18  +99.9% 

77.98  75.67  +55.7% 


(Standard  &  Poor's) 


Electronics  mfrs. 
Radio  &  tv  mfrs. 
Broadcasters 


LATEST  MONTHLY  SALES  TOTALS 


Change  From 
One  Year  Ago 
+90.3% 
+57.9% 
—10.6% 
—11.8% 

—  0.7% 

—  3.9% 


Transistors,  value 
Transistors,  units 
Rec.  tubes,  value 
Rec.  tubes,  units 
Pic.  tubes,  value 
Pic.  tubes,  units 
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For  more  details  on  Anaconda  Epoxy's  unique  combination  of  useful  characteristics,  please  turn  the  page — 


NYFORM  10S*C  lAIEE  Clots  Al 
superior  windobility 


VITROTIX  laO^C  (AtEE  Class  Bl 
gloss- insuioted,  high  heot  resistonco 


FORMVAR  105*C  (AIEE  Closs  A) 
proven  dependobility 


ANALAC  I06**C  lAI^E  Ctoss  A) 
solderoble  mogrset  iMire 


MAN  FROM 


Anaconda* 


about  EPOXY  MAGNET  WIRE 


The  compatibility,  chemical  stability,  and  thermal  stability, 
of  Anaconda  Epoxy  have  been  proved  by  some  three  years  of 
actual  field  experience,  plus  seven  years  of  research  and  develop¬ 
ment,  in  both  military  and  civilian  applications. 

Anaconda  Epoxy  (I30°C  AIEE  Class  B)  magnet  wire  is  com¬ 
patible  with  most  well  known  insulations.  It  offers  excellent 
resistance  to  moisture,  transformer  oils,  acids,  and  alkalies.  Tests 
of  Anaconda  Epoxy  magnet  wire  with  all  impregnating  varnishes 
tried  to  date  have  resulted  in  chemically  compatible  systems— 
with  no  thermal  deterioration  of  the  Epoxy  him. 

Epoxy’s  unique  combination  of  dependable  characteristics 
makes  it  suited  to  a  wide  variety  of  difficult  applications.  Its 
outstanding  dielectric  strength,  its  heat-shock,  adherence,  and 
flexibility  properties  make  it  an  “all  around”  magnet  wire  for  use 
up  to  1 30®C  in  either  open  or  closed  systems. 

ROUND,  SQUARE  AND  RECTANGULAR.  Anaconda  Epoxy  magnet 
wire  is  available  in  the  full  range  of  round,  square  and  rectangular 
sizes.  It  can  also  be  furnished  in  combination  with  glass  servings. 

If  you  have  a  difficult  Class  B  application  or  a  troublesome  job 
at  lower  temperature  that  might  beneht  from  some  other  char¬ 
acteristic  of  Epoxy,  see  the  Man  from  Anaconda.  Or  write: 
Anaconda  Wire&CableCompany,  25  Broadway,  New  York  4,  N.Y. 


Anaconda  Epoxy  Magnet  Wire  is  particularly  well  suited  to  use  in  oil- 
filled  transformers.  Epoxy's  excellent  behavior  in  transformer  oils  is 
but  one  of  its  many  outstanding  chemical  characteristics. 


Epoxy’s  unique  combination  of  dependable  characteristics  makes  it 
suited  to  use  in  such  equipment  as  totally  enclosed  motors,  above; 
hermetically  sealed  relays,  encapsulated  dry-type  transformers,  below. 


> 


j  i 


f 


I  MAGNET  WIRE 
I  DATA  SHEET  ^ 

*  from 

‘  ! 

Anaconda  Wire  &  Cable  Co 


IMPORTANT  FACTS  FOR  YOUR  WORK... 

.  . .  about  Anaconda  Epoxy  130®C  (AIEE  Class  B)  Magnet  Wire 

Anaconda  Epoxy  film-coated  magnet  wire  is  suitable  for  use  in  perature.  In  fact,  such  oils  sealed  in  glass  tubes  with  Epoxy 

I30°C'  (C  lass  B)  hottest  spot  operation.  It  meets  MIL-W-19583  wire  and  heated  to  I50°C  do  not  damage  the  insulation,  even 

requirements.  Epoxy  is  compatible  with  other  insulations  and  when  the  oils  have  been  contaminated  by  long  use. 
performs  excellently  in  oils.  It  offers  unusual  resistance  to  mois¬ 
ture  and  has  a  higher  resistance  to  heat  shock  than  other  Class  B 
wires.  This  unique  combination  of  properties  makes  it  applicable 
to  a  wide  variety  of  difficult  applications. 


THERMAL  PROPERTIES 

Epoxy  is  a  1 30°C  (Class  B)  magnet  wire.  This  rating  is  based  on 
AIEE  test  procedures.  The  wire  is  also  intended  for  use  at  lower 

temperatures  where  the  choice  i  .  " — : — I — ^ j ^ - : 

may  be  made  to  take  advantage  51::  :  ;  :  :  r  :  : 

of  some  other  characteristic.  — - . 

It  also  can  be  used  at  higher  ’*”  ;  "  '  7/  __ 

temperatures  for  shorter  life  or  1 J 

in  some  si  ‘ 


SUGGESTED  APPLICATIONS 

Oil  filled  transformers  .  Air  conditioning  systems  where  moisture 
is  a  problem  •  Refrigeration  machines  for  operation  with 
ffuorinated  hydrocarbon  refrigerants  .  Totally  enclosed  motors, 
transformers,  alternators  •  Encapsulated  windings  of  virtually 
any  type. 

MECHANICAL  PROPERTIES 

Epoxy  offers  outstanding  adherence  and  flexibility.  It  meets  the 
exacting  demands  of  abrasion  resistance  called  for  in  high-speed 
winding  machines. 

ELECTRICAL  PROPERTIES 

Epoxy  magnet  wires  exhibit  high  dielectric  strength— a  minimum 
of  2000  volts  per  mil  under  dry  test  conditions.  The  following 
are  dielectric  constant  and  dissipation  factor  measurements  at 
25°C  and  50%  RH: 

rr«qu*nc)'  Diiiipofion  0(*l«ctric 

Cyclvi  p«r  Spcond  factor  %  Conifonl 

hO  0.37  463 

1,000  0.48  4.60 

10,000  0.96  4  55 

100,000  1.95  4.45 


ipecial  applications. 

Please  refer  to  the  thermal 
stability  chart. 

THERMOPLASTIC  FLOW.  Epo.xy 
magnet  wire  meets  the  2(X)°C 
minimum  requirement  of 
Specification  MIL-W-19583  for 
I30°C  systems. 

RETENTION  OF  FLEXIBILITY.  EpOXy 
magnet  wire  can  be  heated 
for  168  hours  at  I25‘’C  and 
then  wound  on  its  own  diameter 
without  cracking. 

HEAT  SHOCK.  Epoxy  magnet 
wire  offers  outstanding  heat 
shock  characteristics,  as  indi¬ 
cated  by  the  following  table 
(Wires  are  stretched  or  not  stretched,  then  wound  on  mandrels 
having  X  times  the  diameter  of  the  wire  and  placed  in  an  oven 
at  I55°C  for  one  hour): 

Pr«i(r»fch%  IX  3X  5X  lOX 


ThermoJ  l♦obil^tv.  Epoxy  round  mognp»t  wire 


CHEMICAL  PROPERTIES 

Epoxy  offers  outstanding  chemical  characteristics.  The  Epoxy 
resins  are  characterized  by  their  resistance  to  attack  by  com¬ 
pounds  they  may  come  into  contact  with  when  used  in  electrical 
apparatus.  Epoxy  shows  exceptional  resistance  to  5%  potassium 
hydroxide,  5%  sulphuric  acid,  VM&P  naphtha,  ethyl  alcohol, 
xylol,  toluol.  Epoxy  wire  has  given  excellent  results  in  test  pro¬ 
grams  designed  to  determine  the  effects  of  fluorinated  hydro¬ 
carbon  refrigerants.  Scrape  abrasion  resistance  is  high  under 
Ereon.  Ereon  22  does  not  blister  and  attack  the  coating.  Epoxy 
docs  not  hydroli/e  in  closed  systems. 

Epoxy  is  outstanding  in  its  behavior  in  transformer  oils.  It 
will  also  withstand  the  action  of  lubricating  oils  at  high  tem- 


MOISTURE  RESISTANCE 

Epoxy  magnet  wire  can  be  used  when  sealed  in  electrical  appa¬ 
ratus  where  water  is  contained  in  other  materials.  Small  coils  in 
water  at  room  temperature  for  18.030  hours  (2.1  years)  main¬ 
tained  a  very  high  insulation  resistance  between  the  copper  and 
water.  Epoxy  wires  sealed  in  glass  tubes  with  a  small  amount  of 
water  can  be  heated  for  a  month  at  150°C  without  destruction 
of  the  enamel  coating. 

All-Epoxy  insulation  systems.  Materials  are  now  available  to 
make  possible  complete  Epoxy  systems  that  offer  superior  thermal 
and  chemical  stability  and  maximum  environmental  protection/ 
£>etailed  information  available  on  request.  ' 

SEE  THE  MAN  FROM 

AnacondA 

FOR  MAGNET  WIRE 


ANACONDA  WIRE  &  CABLE  COMPANY 

25  BROADWAY,  NEW  YORK  A,  NEW  YORK 

Please  send  me  a  copy  of  your  Epoxy  Magnet  Wire  Booklet. 


OTY, 


ZONi. 


ST  ATI. 


TEAR  OUT  FOR  YOUR  FILE 


CIRCLE  IS  READERS  SERVICE  CARD 


CIRCLE  1*  READERS  SERVICE  CARD 


iM  RADIO  ELECTRONICS 


Think  big  has  always  been  the  order  of  the 
day  in  radio  electronics.  Galvani,  Marconi  and 
you  either  have  changed  or  can  change  the 
world  with  a  thought  or  an  idea  unheard  of  be¬ 
fore.  Seeing  all  that’s  new  at  the  1959  IRE 
Show  can  spark  your  new  idea— can  be  your 
inspiration.  Big  in  number  of  manufacturers 


and  suppliers  exhibiting,  big  in  number  of  top 
radio  electronics  experts,  big  in  number  of 
important  developments  on  display— that  sum¬ 
marizes  this  year’s  Convention  and  Show. 
Don’t  miss  this  once-a-year  opportunity  for 
man -to -man  talk  with  the  thinkers,  planners 
and  doers  in  your  held  of  specialty. 


THE  IRE  NATIONAL  CONVENTION 

Waldorf-Astoria  Hotel 

and  the  radio  engineering  show 

^  Coliseum^  New  York  City 


MARCH 
2  3*2  4 
2  5*2  6 


THE  INSTITUTE  OF  RADIO  ENCINEERS 

1  EAST  79th  STREET,  NEW  YORK  21,  N.  Y. 


TITLE  KELAY  DDtvERS  IT  THRU  2* 


MACH  TOTO  FRAME  01  MODULE  A  GATE  2  LOGIC  NO*  0Sa0A«0T»0 


-O  RESET  2 


RELAY  OR  GND 
■O-«0S*0A«0A*0 
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From  on  onginoor't  rough  logic  tkotch,  IBM  computor  producos  o  Bnishod  drawing.  Diomondt  oro  connection  points 


In  Go  Specs— Out  Come  Plans 


Having  built  up  the  data-processing  technology,  it  figured  that  engi¬ 
neers  would  get  around  to  using  it.  All  across  the  country,  computer- 
men  are  learning  how  computers  can  be  used  to  do  engineering  design 


Computer  laboratories  all  over  the  score  “building  blocks” — AND  and 
country  are  investigating  the  feasi-  OR  circuits,  amplifiers,  inverters, 
bility  of  assigning  electronic  cir-  delays,  and  so  forth, 
cuit  design  work  to  computers.  Not  too  far  off  are  programs 

Development  results  from  pres-  that  will  work  directly  with  basic 
sure  of  steadily  increasing  demand  components,  while  the  engineer 
for  engineering.  Complicating  this  merely  specifies  input,  output  and 
is  the  prospect  of  a  steadily  di-  such  basic  parameters.  In  these 
minishing  supply  of  engineers:  near-future  programs,  the  corn- 
engineer  enrollments  in  colleges  puter  will  design  to  order,  for 
dropped  7  percent  this  year.  maximum  reliability,  or  for  opti- 

At  the  moment,  computers  can  mum  cost  or  reliability.  To  help 
work  efficiently  at  technological  such  programs  along,  there  are 
levels  that  require  strong  engi-  already  in  existence  machines 
neering  background.  But  it’s  not  which  can  print  and  typeset  sche- 
creative  engineering.  matic  diagrams  (see  Electronics, 

Many  engineers  spend  too  much  p  122,  Dec.  5  ’58,  “Machine  Corn- 
time  buried  under  routine  opera-  poses  Schematics”), 
tions,  chasing  electrons  through  Engineering  with  computer  help 
circuits.  Such  stickwork,  involv-  is  not  new,  although  its  extension 
ing  control  of  engineering  data,  to  circuit  design  has  come  about 
can  efficiently  be  performed  by  a  only  recently.  Analog  computers 
computer.  have  been  used  for  analysis  of 

.  electrical  networks  for  years,  and 

Print  lagrams  mechanical  design  of  gears  and 

The  machine  has  to  work  with  flanges  was  undertaken  on  digital 
standard  elements.  IBM’s  current  data-processing  systems  as  long 
programs,  for  instance,  required  ago  as  1953.  The  Nautilus’  steam 
the  standardization  of  several  system  was  also  computer-designed. 


In  1956  and  1957,  computer- 
makers  began  solving  the  simpler 
design  problems  on  computers. 
Backboard  wiring  layout,  optimum 
connection  systems  and  so  forth 
were  worked  out  by  Boolean  tech¬ 
niques.  Logical  designers  also  be¬ 
gan  “test-flying”  advanced  systems 
designs  on  older  computers,  saving 
hundreds  of  hours  of  laboratory 
and  breadboard  experimentation. 
Second  generation  of  computers 
now  emerging  from  the  labs  re¬ 
flects  this  work. 


Designs  Circuits 


Crash  programs  triggered  the  in¬ 
crease  in  interest  in  this  work.  IBM 
designed  many  of  the  circuits  for 
its  new  solid-state  7070  system  on 
the  704.  RCA,  speeding  the  design 
of  the  complex  ballistic-missile 
early-warning  system,  developed 
programs  which  produced  circuit 
drawings  ready  for  the  assembly 
department.  Burroughs  and  Rem¬ 
ington  Rand  are  working  with  sim¬ 
ilar  engineer-aid  programs. 
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r\A.L  SCALX 


BALLANTINE 
LABORATORIES, INC 


SENSITIVE 

ELEGRONIC 

VOLTMETER 


IBM’s  present  programs  were  de¬ 
veloped  to  be  run  on  the  704  or 
705  systems,  and  are  used  in  both 
its  data-processing  and  military 
products  departments.  The  pro¬ 
grams  can  attack  the  design  prob¬ 
lem  from  any  of  several  points. 
In  commonest  usage,  the  engineer 
starts  with  his  barrel  of  logical 
circuit  elements  and  the  overall 
logical  design — the  master  plan — 
of  the  system.  He  roughs  the  ele¬ 
ments  into  a  block  diagram  repre¬ 
senting  the  logical  design  of  the 
particular  circuit.  The  computer 
checks  the  design  sketch,  adds  amp¬ 
lifiers  or  driver  stages  where 
needed  to  keep  signal  levels  up  or 
reshape  pul.ses,  and  makes  all  the 
routes  and  connections  between 
basic  elements.  A  modified  printer 
draws  the  final  diagram  with  all 
connections  specified  (.see  cut). 

The  program  also  determines 
whether  or  not  specific  connections 
require  coax  or  twisted  pair.  By¬ 
product  of  the  program  is  the  wire 
routing  li.st. 

The  computer  does  not  use 
Boolean  techniques  in  checking  and 
implementing  the  logic  sketch.  It 
essentially  applies  ideal  engineer 
rules  and  tests  the  sketch  against 
these  rules.  The  program  uses  rat- 
in-a-maze  techniques  to  select  op¬ 
timum  routes  and  connections.  If 
it  finds  that  the  circuit,  as  sketched 
by  the  engineer,  contains  unsatis¬ 
factory  logical  or  electrical  situa¬ 
tions,  it  prints  out  the  errors. 

Specifies  Connections 

In  the  design  of  the  backboard 
wiring  for  the  Livermore  Atomic 
Research  Computer,  Remington 
Rand’s  programmers  also  let  their 
computer  figure  out  which  connec¬ 
tions  should  be  twisted-pair.  Start¬ 
ing  only  with  the  layout  of  the 
printed-circuit  cards  for  each  cir¬ 
cuit  type,  and  the  logical  dia¬ 
gram  of  the  system,  the  computer 
specified  each  of  the  hundred- 
thousand-odd  connections,  produced 
transistor  classification  sheets, 
parts  inventories  and  similar  pro¬ 
duction  documents  as  byproducts. 

Experience  thus  far  indicates 
that,  although  many  engineers  don’t 
trust  the  results  at  first,  they’re 
quickly  converted.  Relief  from 
weari.some  tasks  is  the  principal 
converting  factor. 


PRiQUiNCY  RANGE: 

2  <p»  !•  1S0,000  cpt. 


MODEL  302C-Prl<«  $241 


#  Avoilabl*  occMtoriM  in<r*a«e  voltage  rang*  from  20  microvolts 
to  10,000  voRs. 

#  Avoilablo  procision  shunt  rosistors  permit  the  measurement  of  AC 
currents  from  10  amperes  down  to  one-tenth  of  a  microampere. 


#  Feertures  the  weti-knewn  Balianfine  logarithmic  voltage  and  uniform 
DB  scales. 


~9  Battery  life  over  100  hours. 

f 

f  O  Can  alto  be  used  as  a  flat  pre-amplifier  with  a  maximum  gain  of 
60  DB.  Because  of  the  compielf  absence  of  AC  hum,  the  amplifier 
section  will  be  found  extremely!  useful  for  improving  the  sensitivity 
of  oscilloscopes.  i 


For  further  information  on  this  and 
other  Ballantine  instruments 
write  for  our  new  catalog. 


BOONTON,  NEW  JERSEY 
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Left — Dr.  John  Barkley,  Director  of  Research,  heads  the  department  that 
moves  from  hypotheses  to  facts,  clarifying  the  present,  probing  the  fut  ire, 
recording  findings  for  comparison  and  evaluation. 


Center — Dr.  Howard  Bailer,  Director  of  Engineering.  His  department  gives 
substance  to  ideas,  showing  how  these  ideas  can  be  converted  into  practical 
military  and  industrial  products. 


Right — Kenneth  J.  Carlson,  Director  of  Manufacturing,  and  his  men  trans¬ 
form  theories  and  designs  into  physical  realities,  utilizing  the  skills  of  all 
three  departments  to  meet  every  production  requirement — on  schedule! 


Mechanical  Division  teamwork  plays  a  vital  role  in  all  our  current  activities,  including: 
Search  and  Track  Systems  (infrared  optics,  visual  optics,  radar,  antennas,  slave  platforms) 
Guidance  and  Navigation  Systems  (computers,  and  inertial  or  navigational  platforms)  Under¬ 
water  Ordnance  Weapons  (torpedoes,  depth  charges  and  related  mechanisms)  and  Missile  Sub- 
Systems  (mechanical,  electro-mechanical  or  electronic  controb).  For  complete  details,  address 
inquiries  to:  Dept.  AW -12,  ^  ^ 


G«n«ral 


MECHANICAL  DIVISION  (Mt||s 


1620  Central  Avanua,  Mlnnaapolia  13,  Minnaaota 


To  wider  worlds — through  Intensive  research  •  creative  engineering  •  precision  manufacturing 
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ultra-miniaturized 


for  limited  space 


S'*  ^  .  .^4 


TINY 

MIKE 


SPECIFICATIONS 


Cnpiioitaiico  Values  Availliblt 
005,  Ol.  02,  05,  anti  .1  mfti 


H  *  Diameters  .350 "  to  .625 


WorkinK  Voltage  50  VDC 


Immediately  available  in  production  quantities! 

Ideal  for  limited  space  and  low-voltage  requirements  of  portable 
radios  and  a  variety  of  other  miniature  battery-powered  and  line- 
powered  equipment.  Excellent  for  bypass  and  coupling.  Tough 
phenolic  coating  affords  excellent  insulation  while  protecting  against 
severe  humidity  and  vibration.  For  further  information,  write  for 
Bulletin  SEB-2  toCornell-Dubilier  Electric  Corporation,  South  Plain- 
field,  New  Jersey. 


Criiiip«4  «i4 

f«f  AutMIStlM. 
ThM«  unit!  m  «v«lUbl«  In 
eoo  ami  lOOA  VI>CW  uniU 
on*type«  C,  iA.  jn, 

JC.  ItYA  and  oIImt 
<*eneral  Purpose  raparliora. 
Trlmped-laad  imlti 
prevent  iMMlomlni  on  the 
printed  wiring  lK>ard 
aMurlng  poaltlva  contact 
f<»r  aoldering.  Htralght-ctit 
leada  care  height  off  the 
iMarU  and  mar  he  Interted 
to  elrrtinifervnce  of  dice. 


Centrelled  phenelU  dip 

aroldc  *‘rundoim*'  of  the 
phenolic  on  straight-cut 
leads.  Aisures 
ahrays-uiitform 
ioltlrrlnfi  connccllona. 


onsistently  ependabl*> 

ORNELL-DUBILIER 


CAPACITORS 
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ACCURACY 


Highest  accuracy  in  rotating  components  is  a 
CPPC  fundamental.  Our  Precision  Computing 
Resolvers  are  no  exception.  Without  comijen- 
sation,  a  recent  production  run  of  resolvers 
showed  functional  errors  of  .06%  or  leas.  Per¬ 
pendicularity  of  axes  was  ±3'  in  360“.  Due  to 
extreme  symmetry  of  rotor  and  stator,  nulls 
are  excellent  in  these  resolvers.  Low  phase 
shifts  are  also  a  feature. 


VERSATILITY 


CPPC  Precision  Computing  Resolvers  can  be 
had  with  any  of  the  following  features:  corrosion 
resistant  construction,  stainless  steel  or  alumi¬ 
num  housing.  Units  to  resist  tem|ieratures  up  to 
450®  F.  The  following  compensation  is  avail¬ 


able  in  any  or  all  units;  resistive,  feedback 
winding,  thermistor.  Types  available  for  tran¬ 
sistor  circuitry.  Pin  or  screw  terminals  or  lead 
wires.  BuOrd  type  shafts  and  BuOrd  MK  4 
Mod  0  brush  block  obtainable. 

PRICE  AND  DELIVERY 

We  ask  you  to  review  what  you  are  paying  for 
precision  computing  resolvers.  In  the  past  CPPC 
has  been  able  to  lower  traditional  prices  of 
rotary  components. 

We  are  already  tooled  for  many  types  of  these 
resolvers  and  can  make  quick  delivery  in 
quantity  or  short  run.  Whenever  you  need  any 
rotary  component,  think  of  CPPC. 

Call  or  write  Sales  Department,  Hilltop  9-1200 
(Suburban  Philadelphia)  or  our  Representatives. 


CLIFTON  HEIGHTS.  PENNSYLVANIA 
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Details  picked  up  by  camera  focused  on  tilting  mirror  abovo  operating  table  are  displayed  on  screen  by  three^Nirrel  pro|ector 


Projection  Color  Tv  Grows 

Medical  groups  are  paying  increased  attention  to  large-screen  projec¬ 
tion  color  tv  as  a  way  of  studying  experts  in  surgery  and  diagnosis 


Projection  color  tv  is  gaining  new 
enthusiasts  this  Winter  as  medical 
firms  step  up  their  programming. 

New  advances  in  projection  color 
tv  are  coming  from  abroad.  One 
example  of  this  is  the  Norelco  sys¬ 
tem  supplied  to  Smith  Kline  & 
French  Laboratories  (see  photo 
above),  by  North  American  Philips 
Inc.  Unit  costs  about  $30,000. 

Uses  Mirror 

The  Philips  system  uses  a  three- 
vidicon  camera  clamped  in  a  sta¬ 
tionary  position  above  the  operat¬ 
ing  table.  The  camera  focuses  on 
a  movable  mirror.  This  is  done  to 
avoid  the  difficulty  of  moving  the 
heavy  camera  to  follow  the  sur¬ 
geon’s  activity.  The  camera  has  a 
remote-controlled  lens  turret. 

The  projector  contains  three 
Schmidt  optical  boxes  arranged 
side-by-side,  each  using  5-in.  pro¬ 
jection  tubes  having  a  red,  green 
and  blue  phosphor  respectively.  The 
tube  anodes  operate  at  50  kv. 

Picture  dimension  is  9  by  12  ft 
when  projected  on  a  screen  25  ft 
away.  Resolution  of  the  picture  is 
500  lines  with  1:30  contra.st  ratio. 
Highlight  brightness  is  5.6  ft-lam- 
berts  on  a  screen  with  a  gain  of 
2.5.  System  operates  on  U.  S.  or 
European  (CCIR)  standards. 

The  three  images  provided  by  the 
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projection  tubes  are  superimposed 
on  screen,  giving  color  variations. 

System  Shown 

The  Philips  projector  system  was 
introduced  in  America  recently  at 
the  American  Medical  Association’s 
meeting  in  Minneapolis.  An  older 
model  of  the  system  is  installed 
permanently  at  the  Faculte  de 
Medecine  et  de  Pharmacie,  at 
Marseilles.  The  system  purchased 
by  Smith  Kline  &  French  forms 
part  of  the  firm’s  mobile  unit  which 
travels  some  25,000  miles  annually. 

A  second  imported  unit  (photo, 
below)  is  the  Sw’iss-made  Eidophor 
recently  purchased  by  Cl  BA,  Sum¬ 
mit,  N.  J.,  pharmaceutical  firm.  Its 
debut  date  was  Dec.  27  at  the  Wash¬ 
ington  meeting  of  the  American 
Association  for  the  Advancement 
of  Science.  Projector  equipment 
was  made  by  Dr.  Edgar  Gretener 
Ag.,  Zurich,  a  CIBA  subsidiary. 
Model  costs  about  $16,500. 

The  Eidophor  uses  the  field  se¬ 
quential  system  in  combination 
with  a  control  layer  process  devised 
eleven  years  ago.  In  this  process, 
light  passes  through  an  oil  film  and 
then  through  a  special  grating. 

In  Mobile  Unit 

The  CIBA  color  projector  pro¬ 
duces  a  picture  12  by  16  ft  in  size 


using  a  2,000-w  xenon  lamp.  The 
800-Ib  unit  is  about  5  ft  high,  2  ft 
wide  and  4  ft  deep.  It  is  part  of  a 
mobile  unit  containing  one  more 
Eidophor,  4  tv  cameras,  a  public 
address  system,  and  control  gear. 

Among  American  manufacturers, 
GE  is  planning  to  produce  a  color 
tv  projector.  Firm  says  it  expects 
to  have  a  product  on  the  market 
by  “early  1959,’’  but  is  not  giving 
any  further  details  now. 

Two  versions  of  a  color  projector 
have  been  produced  by  RCA,  but 
company  officials  say  that  since 
initial  market  attempts  several 
years  ago,  there  has  not  been  suffi¬ 
cient  demand  to  warrant  RCA’s 
getting  into  full-scale  production 
on  color  projectors  at  this  time. 


SingU-borrol  proi«ctor  ditplayt  picturat  in 
Swit*-niad«  fyttam 
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AN  INVITATION 
TO  JOIN  ORO 

Pioneer  in 

Cpercrfions  Research 


Operations  Research  is  a  young 
science,  uming  recognition  rapidly 
as  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  services  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientisu, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  organization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 

No  other  Operations  Research 
organization  has  the  broad  expe¬ 
rience  of  ORO.  Founded  in  1948  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opsearch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

ORO’s  professional  atmosphere 
encourai^  those  with  initiative  and 
iniagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
members  arc  taught  to  “program” 
their  own  material  for  the  Univac 
computer  so  that  they  can  use  its 
services  at  any  time  they  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  are  based  solely 
on  merit.  The  “fringe”  benefits 
offered  are  ahead  of  those  given 
by  many  companies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  visitors  to 
Washington,  D.  C.  are  but  a  short 
drive  from  the  pleasant  Bethesda 
suburb  in  which  ORO  is  located. 
Attractive  homes  and  apartments 
are  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Schools  are  excellent. 

for  furlfcar  loformaHom  wrUot 
fro(ot$iooal  AfpohlmomH 

OPERATIONS  RESEARCH 
OFFICES 

The  Johns  Hopkins  University 

seas  ARLINGTON  ROAD 
BETHESDA  14,  MARYLAND 


Billion  for  New 

Airborne  Early  Warning  project  means  new 
business  for  at  least  one  prime  and  six  major  subs, 
hundreds  of  other  subs  and  suppliers 


More  than  billion  will  be  spent 
on  the  new  U.  S.  Airborne  Early 
Warning  and  Control  system.  First 
contracts  are  due  this  month.  The 
new  project  means  added  business 
for  hundreds  of  firms  in  our  in¬ 
dustry. 

Soviet  announcement  of  the  suc¬ 
cessful  launching  of  an  8,700-mi- 
range  ballistic  missile  has  stimu¬ 
lated  interest  here  in  our  east  and 
west  coast  early  warning  facilities. 
BMEWS,  our  ballistic  missile  early 
warning  system,  which  will  watch 
the  northern  frontier  from  Alaska, 
Thule  and  Preswick  for  transpolar 
missile  attacks,  will  be  of  no  help 
against  long-range  missile  fired 
west  from  the  Caspian  Depression 
or  east  from  South  China. 

The  horizons  that  must  now  be 
monitored  have  swung  around  to 
the  south,  coming  close  to  a  270-de¬ 
gree  arc.  A  few  months  ago  the 
“danger  area”  was  90  degrees. 

Direcfg  Interceptors 

Solution  to  the  problem  of  east- 
and  west-coast  detection  is  being 
sought  by  the  Air  Force  in  a  super 
airborne  early  warning  and  con¬ 
trol  .system  that  will  eventually  re¬ 
place  the  currently  operational  RC- 
121  plane.  Besides  detection,  the 
new  system  will  also  be  equipped 
to  direct  interceptors  to  the  target 
as  Sage  does  from  the  ground. 

The  new  AEW  planes  will  be  a 
much-needed  addition  to  our  other 
defense  facilities  which  now  con¬ 
sist  of  three  northern  radar  fences 
— Dew  Line,  Mid-Canada  Line  and 
Pine  Tree  Line;  offshore  and  in¬ 
shore  radar  picket  ships;  Texas 
towers;  Navy  blimps;  gap  filler 
radar  along  the  coasts;  and  the 
current  Air  Force  and  Navy  recon¬ 
naissance  planes. 

The  new  AEW  project  is  expected 
to  get  off  the  ground  when  USAF 
selects  a  weapons  system  manager. 

Six  teams  have  submitted  pro¬ 
posals  to  do  the  job.  Heading  up 


the  teams  are  Douglas,  Convair  and 
Lockheed,  who  offer  a  360-degree 
radar  scan  system;  and  Boeing, 
RCA  and  Hughes,  who  propose  a 
“sidelooker”  radar  system. 

Who's  Doing  What 

Though  most  of  the  candidates 
for  weapons  systems  manager  were 
reluctant  to  divulge  other  team 
members,  the  following  are  known: 
Douglas  has  selected  GE  as  elec¬ 
tronic  systems  manager  for  its  sys¬ 
tem.  Aircraft  will  be  a  DC-7C.  Con- 
vair’s  team  consists  of :  GE  for 
radar ;  RCA,  communications ; 
Hughes,  communications;  Auto- 
netics  div.  of  North  American, 
navigation ;  and  Canadair  Ltd.,  air¬ 
craft. 

Offering  an  Electra  plane,  Lock¬ 
heed’s  team  associates  are:  GE, 
radar;  General  Precision  Equip¬ 
ment,  navigation;  Hazeltine,  data 
processing  and  displays;  Hughes, 
communications  and  data  link;  and 
Lockheed’s  missile  Systems  Divi¬ 
sion,  automatic  checkout  equip¬ 
ment.  (Electronics,  p  26,  Oct.  17, 
1958). 

Douglas,  Convair  and  Lockheed 
have  selected  General  Bronze’s  cross 
type  SVE  (Swept  Volume  Effi¬ 
ciency)  antenna  array  for  use  with 
the  search  radar.  Made  of  light¬ 
weight  aluminum  employing  non- 
corrosive  irridited  aluminum  sup¬ 
ports  and  elements,  the  SVE  weighs 
500  lbs. 

The  SVE  antenna  consists  of  an 
array  of  end-fed  directional  radi¬ 
ators,  each  of  which  is  made  up 
of  an  active  feed  and  a  number  of 
passive  metal  disks  spaced  along  a 
supporting  rod  to  guide  the  electro¬ 
magnetic  energy  into  space  in  a 
7i-degree  beam  width. 

Boeing  proposes  using  a  KC-135, 
with  Thompson  Ramo  Wooldridge 
as  electronic  systems  manager. 

On  the  overall  matter  of  finances. 
Secretary  of  Defense  McElroy  has 
stated : 
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AFTER  ...  3  trio  VTVMs  inte¬ 
grally  built-in  now  are  always  on 
hand  to  measure  just  the  para¬ 
meters  you  designate. 


BEFORE.  .  .  3  external’ instru¬ 
ments  were  used  to  measure  AC 
and  DC  voltages  .  .  cluttered, 
tedious,  wasteful,  subject  to  error. 


3  ways  you  con  use  Trio  Labs'  pioneer  know-how  .  .  . 

1 .  choose  from  trTo's  complete  line  of  "standard"  models. 

2.  select  a  "special"  already  produced  — and  you  save 
the  engineering  time  Ond  money  that  went  into  it.  . 

3.  consult  us  for  design  specific  to  your  own  needs. 

Write  for  free  "how  fo" 

Engineering  Guidtf  to  Dept  m 
Trio  Laboratories,  Inc.,  ^ 

New  York.  When  ordinary  \ 
instruments  are  too  big  ' 
or  inadequate  .  .  -.1 

PLAINVIEW,  LONG  ISLAND, 


NEW  YQRK 


System 


“The  capital  investment  already 
made  in  our  continental  air  defense 
during  the  last  4i  years  exceeds 
$13  billion.  The  cost  of  operation 
is  now  almost  $2  billion  a  year.” 


Suburbs  Pose 
Hiring  Problems 

Management  of  electronics  firms 
which  require  casual  labor,  young 
female  clerical  and  production 
workers  and  unskilled  male  labor 
should  investigate  carefully  these 
days  before  following  trek  to  sub¬ 
urbs. 

Warning  emerges  from  study  by 
Boston’s  Federal  Reserve  Bank  of 
labor  supply  characteristics  of 
Mass.  Route  128  companies. 

Relocation  of  22  companies,  11 
of  them  electronic,  to  Route  128 
during  1956-57  revealed  relatively 
high  rate  of  loss  of  workers  living 
in  Boston. 

Impact  of  increased  commuting 
costs  varies  inversely  with  workers’ 
level  of  income.  Company  aid  in 
car  pool  arrangements  played  vital 
role  in  making  labor  available. 
Chartered  bus  service  from  down¬ 
town  proved  successful  for  only  a 
brief  period. 

Survey  shows  relocation  quits 
tend  to  be  greater  among  experi¬ 
enced  labor  force. 

Administrative,  professional  and 
“key”  personnel  were  rarely  lost  by 
transfer  to  suburbs,  since  this 
group  were  likely  to  live  in  suburbs 
and  to  gain  by  relocation. 

Generally,  Route  128  locations 
definitely  eased  recruitment  of 
engineering,  professional  and  ad¬ 
ministrative  staff,  but  neither 
helped  nor  hindered  recruitment  of 
skilled  labor. 

Recruiting  difficulties  arose  when 
firms  sought  young  female  clerical 
workers,  male  unskilled  workers, 
and  seasonal  workers. 

For  younger,  unmarried  female 
clerical  workers.  Route  128  loca¬ 
tions  offered  definite  disadvantages : 
lack  of  public  transportation  for  a 
group  with  low  car  ownership,  lack 
of  shopping  facilities,  relative  isola¬ 
tion  during  day. 


By  designing-in  trio  miniature  panel¬ 
mounting  instruments  into  operating 
and  testing  equipment,  you  .  .  . 

•  customize  both  your  test  set-up 
and  instruments 

•  save  space  (average  trio  model 
is  4"  X  4"  X  4") 

•  save  time:  at-a-glance  sequential 
or  continuous  monitoring 

•  save  money:  exclude  unnecessary  ^ 
instrument  functions,  ranges  | 

•  make  monitoring  foolproof:  read 
&  "go,  no-go"  by  switching  ^  J 

•  improve  testing  effic’iency  and 

system  reltabiti^,  .  ? 

e  irHTB«e 
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Tung-Sol/Chatham  power  friode  family 
covers  every  series  regulator  need! 


Now  designers  can  specify  a  premium  quality  Tung-Sol/ 
Chatham  tube  for  all  series  regulator  sockets.  Tung* 
Sol/Chatham's  family  of  j)ower  triodes  —  the  first 
designed  and  produced  specially  for  series  regulator 
service  —  meets  all  design  requirements  and  assures 
maximum  reliability  and  life  at  all  times. 

Types  include  the  new  100  Watters,  7241  and  7242, 
medium  mu  or  low  mu-high  current.  12  or  26  Volt 

TYPICAL  VALUES  I 


heater  versions  available  on  most  types.  All  embody 
sturdy  construction  features  that  contribute  to  overall 
ruggedness  and  long  hours  of  heavy-duty  operation. 

Compare  the  ratings  below  against  your  particular 
application  1  If  you  desire  complete  data  sheets  .  .  . 
or  you  have  a  specific  design  problem,  contact  us 
today!  We’ll  be  glad  to  give  whatever  assistance  we 
can.  Just  write;  Tung-Sol  Electric  Inc.,  Newark  4,  N.  J., 
Commercial  Engineering  OfiBces:  Bloomfield  and  Liv* 
ingston.  N.  J.,  Culver  City,  Calif.,  Melrose  Park,  Ill. 


Range  of  Tube 
Voltage  Drop 

Minimum 
Tube  Drop 

Grid  Voltage 
Swing 

BtTv 

4S  V 

StTv 

70 

10 

80 

70 

- -  -  J 

13 

■■  ■ 


S)TUNG-S0L 


TUBE  TYPES  BY  PLATE  DISSIPATION  RATINGS 


Total  Plato 
Olaslpatlon 


26  to  30  W  1 

60  W  1 

100  W 

SASTQ, 

6080W> 

\,  7105 

1 

6336A 

6394A 

7241 
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how  yoti’N  hondlo  that  mountain  of  popor  work,"  NCR's  boord 
chairman,  Stonloy  Allyn,  tolls  R.  H.  Mocy  prosi^nt,  Whoolock  Bingham 

Stores  a  Ripe  Market? 

Macy^s  purchase  of  $1 -million  electronic 
data  processing  system  points  way  to  future 


Big  step  on  the  road  to  electronic 
automation  of  department  stores 
was  taken  recently  when  R.  H. 
Macy  &  Co.,  Inc.,  world’s  largest  de¬ 
partment  store,  announced  plans 
to  install  a  million-dollar  electronic 
data  processing  system. 

Heart  of  the  system,  to  be  in¬ 
stalled  at  Macy-New  York  in  1961, 
is  a  National  Cash  Register  all¬ 
transistor  304  computer.  Punched 
paper  tape  teller  and  adding  ma¬ 
chine  peripheral  equipment — about 
40  machines  in  all — will  feed  data 
on  750,000  time  payment  and 
customer  deposit  accounts  for 
recording  and  statement  produc¬ 
tion. 

Eyeing  Future 

Future  plans  call  for  store  to  use 
computer  for  analysis  of  merchan¬ 
dise  statistics  and  for  payroll  and 
accounts  payable  processing.  Store 
is  also  studying  possibility  of  tieing 
computer  in  with  point  of  sale  re¬ 
corders.  The  latter  units  are  half 
cash  register  and  half  electronic 
media  reader.  They  create  com¬ 
puter  input  data  at  moment  of  sale. 

Proposed  installation  is  claimed 
to  be  the  biggest  automation  pro¬ 
gram  in  department  store  history. 
Department  stores  are  regarded  as 
a  big  electronic  market  of  the  fu¬ 
ture,  but  to  date  only  a  handful  of 
stores  have  gone  electronic. 

Retailers  report  that  other  de¬ 


partment  store  computer  installa¬ 
tions  include  an  RCA  Bizmac  at 
Higbie’s  in  Cleveland,  an  IBM  305 
Ramac  at  Dey’s  in  Syracuse,  N.  Y., 
and  a  Royal  McBee  LGP  at  Filene’s, 
Boston.  Macy-New  York  also  has  a 
Remington-Rand  Univac  120. 

Commenting  on  reasons  for  the 
new  installation,  a  top  Macy  execu¬ 
tive  said  that  electronic  equipment 
has  reached  the  point  where  it  can 
handle  masses  of  department  store 
operating  data  quickly  and  econom¬ 
ically.  Statements  will  be  prepared 
at  rate  of  50  a  minute,  25  times 
faster  than  present  speed.  Record¬ 
keeping  costs  will  be  cut  and  shop¬ 
pers  will  receive  bills  a  week  earlier. 

“The  growth  in  credit  buying  has 
created  a  rising  mountain  of  paper 
work  which  could  be  solved  only 
through  a  greater  degree  of  auto¬ 
mation,’’  said  Wheelock  H.  Bing¬ 
ham,  president  of  R.  H.  Macy. 

Serves  Six  Stores 

The  new  system  will  service  all 
six  stores  in  Macy’s  New  York  di¬ 
vision.  Operating  on  a  one-shift 
basis,  the  system  is  expected  to 
handle  seven  million  statements 
annually. 

It’s  reported  the  system  will  pro¬ 
cess  the  division’s  750,000  customer 
accounts  with  only  one  manual  step 
required  to  prepare  the  mounds  of 
Macy  statements  sent  out  year  after 
year. 


..have  increased  the  flow 
ef  product  and  service 
literature  to  readers. 

...have  helped  Increase 
manufacturers’  sales. 


Reader  Service  Cards  have 
been  provided  to  get  quick  and 
easy  information  on  products. 

Avail  yourself  of  this  Service 
to  get  all  the  information  you 
need. 

Manufacturers  are  cooperating 
wholeheartedly  with  the  Serv¬ 
ice  to  supply  information 
promptly. 
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NEW 

MINIATURE  RF  FILTERS 


MEETINGS  AHEAD 


Jan.  12:  Medical  Electronics  Meeting, 
Detecting  Unseen  Cancer  Cells, 
PGME  of  IRE,  Inst,  for  Cancer  Re¬ 
search,  Philadelphia. 


Jan.  12-14:  Reliability  and  Quality 
Control,  Nat.  Symp.,  PGRQC  of 
IRE,  ASQC,  EIA,  Bellevue-Strat- 
ford  Hotel,  Philadelphia. 


Jan.  13-14:  Cathode  Ray  Tube  Record¬ 
ing,  Systems  Development  Corp. 
Engineers  Club,  Dayton,  O. 


Jan.  14:  Computers  and  Medical 
Diagno.sis,  Rockefeller  Institute, 
New  York  City. 


Jan.  21-23:  Southwest  Electronic  Ex¬ 
hibit,  Arizona  State  Fairgrounds, 
Phoenix,  Ariz. 


Jan.  29-30:  Long  Distance  Transmis¬ 
sion  by  Waveguides,  Institution  of 
Electrical  Engineers,  London,  Eng¬ 
land. 


600  MO  K>00  1200  1400  1600  1M0  2000 


Feb.  1-6:  American  Institute  of  Elec¬ 
trical  Engineers,  Winter  General 
Meeting,  Statler  Hotel,  N.  Y.  C. 


Model  524  I 
DESIGNED  TO  REJECT  INTERFERENCE  IN  'L'  BAND 


Feb.  12-13:  Transistor  &  Solid-State 
Circuit  Conf.,  AIEE,  PGCT  of  IRE, 
Univ.  of  Penn.,  Philadelphia. 


When  size  and  weight  are  important  factors  in  your 
rf  filter  selection,  turn  to  Bird  Electronic  for  your 
source  of  supply.  Our  engineers  will  design  an  rf 
filter  to  serve  your  exact  requirements  with  partic¬ 
ular  attention  to  component  density,  accuracy,  ease 
of  application  and  long-life  performance. 


Feb.  12-13:  Electronics  Conference, 
AIEE,  IRE,  ISA,  CPS,  Eng.  Soc. 
Bldg.,  Cleveland. 


Feb.  17-20:  Western  Audio  Conven¬ 
tion,  Audio  Eng.  Soc.,  Biltmore  Ho¬ 
tel,  Los  Angeles. 


Mar.  3-5:  Western  Joint  Computer 
Conf.,  AIEE,  ACM,  IRE,  Fairmont 
Hotel,  San  Francisco. 


Our  physical  facilities  to  produce  and  deliver  quan¬ 
tity  orders  dependably  can  be  relied  upon  to  meet 
your  production  schedules. 


Mar.  5-7:  Western  Space  Age  Conf. 
and  Exhibit,  L.  A.  Chamber  of 
Commerce,  Great  Western  Exhibit 
Center,  Los  Angeles. 


Mar.  15-18:  National  Assoc,  of  Broad¬ 
casters,  Annual  Convention,  Conrad 
Hilton  Hotel,  Chicago. 


Model  5241 


SIZE:  4-y4"xy4"x  l-'A" 

WEIGHT:  5  ounces 
PASS  BAND:  225  to  400  me 
CUT-OFF  FREQUENCY:  400  me 
POWER  RATING;  50  woHs 

RF  INPUT  IMPEDANCE:  50-ohm  nominal 
ATTENUATION:  Less  than  Vi  in  pass  bond;  80  db  in  stop  bond 

VSWR:  Insertion  loss  and  VSWR  ore  very  low  in  pass  bond 
CONNECTORS:  Most  miniature  types  J 


Mar.  23-26:  Institute  of  Radio  Engi¬ 
neers,  IRE  National  Convention, 
Coliseum  &  Waldorf-Astoria  Hotel, 
New  York  City. 


Mar.  31-Apr.  2:  Millimeter  .  Waves, 
Symposium,  Polytechnic  Inst,  of 
Brooklyn,  USAF,  ONR,  IRE,  USA 
Signal  Research,  Engineering  So¬ 
cieties  Bldg.,  N.  Y.  C. 


Apr.  5-10:  Nuclear  Congress,  spon¬ 
sored  by  over  25  major  engineering 
and  scientific  societie.s.  Public  Au¬ 
ditorium,  Cleveland. 


EXprMs  1-3535 

1800  E.  38  St.,  Cleveland  14,  Ohio 

W»st»rn  ••pretantaMv*.- 

VAN  GROOS  COMPANY,  Wocxlland  Hills,  Calif. 


Apr.  13-15:  Protective  Relay  Conf., 
A  &  M  College  of  Texas,  College 
Station,  Texas. 


30 


CIRCLE  25  READERS  SERVICE  CARO 


January  2,  1959  -  ELECTRONICS 


ELECTRONICS  —  January  2,  1959 


CIRCLE  2*  READERS  SERVICE  CARD 


i 


-  i 
■  •  I 

-f* 


MAOr  TRANSISTORS 
CONTROLLED  IN 


DESIGN  AND 
MANUFACTURE... 


to  meet  your  exact 
circuit  requirements 
. . .  NOT  SELECTED ! 


Actual  photo  of  Philco's  out- 
in-front  automatic  precision 
etching  production  equipment. 


•'IVademark  Pl^co  Corporation  for  Micro  Alloy  Diffused-baM  Tranriator. 


New  VHF-UHF  Transistors  available  in  unlimited 
quantities  —  at  realistic  prices ! 

Now,  Transistor  Center,  U.  S.  A.,  offers  a  new 

familv  of  MADT  Afield  flowT  transistors  in  un>  ^  MADT  FAMILY  APPLICATIONS  DATA  ^ 


family  of  MADT  (field  flow)  transistors  in  un¬ 
limited  quantities.  Here  are  precision  transistors 
which  greatly  expand  the  design  potentiab  of  high- 
gain,  high  frequency  amplifiers;  high  speed  com¬ 
puters;  high-gain,  wideband  video  amplifiers;  and 
other  critical  high  frequency  circuitry. 

Due  to  Philco’s  exclusive  electrochemical  manu¬ 
facturing  process,  MADT’s  are  controlled  not  selected. 
The  electrodes  are  precisely  placed  in  the  graded 
field  to  produce  the  exact  charat  ‘or  ist  ’cs  you  require. 
MADT’s  are  available  immediat'iiy  in  unlimited 
quantities.  Quantities  1  to  99  available  "off-the- 
^elf”  from  your  local  franchised  Philco  Industrial 
Transistor  Distributor. 


OfcMtotOf 

iHlcl«ncy 


2N499  320  me  lOdbaflOOmc  amplifier  to  125  me 

2N500  45%  at  200  me  Oscillator  to  350  me 

2N501  Ultro  high<spo*d  sv  itch  typicol  V  »  9  m;Asoc;(18  max.)jt|  »  9  m/iSOC« 
(12  fflox,);  If  *  7  m^soci  (10  mox.)  In  circuit  with  curront 

_ qoiri  of  10  ond  voltoga  turnoff, 

2N502t  800  me  11  db  at  200  me  ampMfler  to  250  me 

2N503t  420  me  12.5  db  at  100  me  amplifier  to  175  me 

2N304  46dbot455 _ high  gain  IF  omplifif 

2N58b  r'C  14  dh  at  50  me  OsciNator  and  ompU> 

fior  to  80  me 

*Ava9oblo  in  voHago  ratings  up  to  35  V  ond  dissipation  ratings  to  50  mw  at  45*C. 
tin  JETEC  TO-9  Caso  (Widoly  known  as  JETEC  30  Caso). 


Make  Philco  your  prime  source  of  information  for  high  frequency  transistor  applications. 

Writ*  to  Lantdal*  Tub*  Company,  Division  of  Philco  Corporation,  Lonsdalo,  Pa.,  Dopt.  E  159 
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Naval  fciaiititt,  kft,  ctiacks  dirta  racording  of  a  satollito  which  has  just  passed  over  the  station.  Sailor,  right,  at 
console  chocks  system  operation 


Tracking  Orbits  of 
Man-made  Moons 

Radio  network  establishes  satellite  position  in  space  at  any  time.  Data  is 
accurate  within  20  seconds  o^  arc  and  one  millisecond  time.  Circuits  meas¬ 
ure  wavelength  differences  from  satellite  to  ground  antennas 

By  C.  A.  SCHROEDER,  C.  H.  LOONEY,  JR.  and  H.  E.  CARPENTER,  JR. 

Kadlo  Tracking  Branch,  Project  Vanguard,  U.  S.  Naval  Research  Lab.,  Washington,  D.  C. 


Tracking  earth  satellites  within  20  seconds  of 
arc,  and  relating  position  in  space  to  time  accuracy 
of  one  millisecond,  is  the  task  assigned  to  the  Van¬ 
guard  Minitrack  system. 

Satellite  data  is  gathered  by  eleven  signal-receiv¬ 
ing  stations  and  coordinated  at  a  central  headquar¬ 
ters  in  Washington,  D.  C. 

The  system  has  tracked  three  Russian  satellites 
and  four  United  States  satellites,  the  Explorers  and 
Vanguard.  Orbits  of  man-made  moons  are  com¬ 
puted  accurately  and  their  position  in  space  at  any 
time  is  established  exactly. 

Antenna  layout  at  each  tracking  site  is  shown  in 
Fig.  1.  Data  provides  the  difference,  measured  in 


wavelengths,  between  the  radio  paths  from  the 
satellite  to  paired  antennas  at  each  ground  station. 
The  satellite  is  located  in  space  by  measuring  the 
radio  path  difference  between  antenna  pairs,  as  the 
satellite  passes  through  the  pattern  of  the  receiving 
antennas. 

Five  signal-phase  comparisons  are  made  from 
antenna  pairs  that  lie  in  north-south  and  east-west 
directions. 

Actual  measurements  are  made  from  the  fine  base¬ 
lines,  and  the  medium  and  coarse  baselines  are  used 
for  ambiguity  resolution. 

SATELLITE  ANGLE  —  Angular  relationship  of 
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CALIBRATION 

PAD 


GROUND 

TRAILER 


N-F*NORTH  FINE  N-M-C»NORTH  MEDIUM 

W-F*  WEST  FINE  AND  COARSE 

S-F*  SOUTH  FINE  C*COMMON  ANTENNA  S-M=  SOUTH  MEDIUM 
E-F*EASTFINE  DISTANCE  IN  FEET  E-M*EAST  MEDIUM 

FIG.  1— Antanno  fiald  layout  at  oach  of  olovon  ground  rocoiving 
ttotiont  located  at  widely  scattered  points  on  earth.  Signal-phase 
comparisons  ora  made  from  antenna  pairs  that  lie  in  north-south 
and  east-west  directions 

antenna  pairs  with  respect  to  the  satellite  position 
is  shown  in  Fig.  2.  The  phase  angle  of  the  signal 
received  at  one  antenna  is  compared  with  that  of 
the  signal  received  on  the  other  antenna. 

The  relative  phase  angle  is  zero  whenever  the 
radio  path  difference  is  an  integral  number  of  wave¬ 
lengths,  and  will  cycle  from  zero  up  for  each  part 
wavelength  added  to  the  path  difference. 


FIC.  3— Minitrock  system  angular  rrlationship  of  antenna  pairs  with 
icspect  to  satellite  position 


Operator,  seated  at  console  of  the  Minitrock  data  system,  checks 
system  operation 

Quantity  /(T  -I-  A  is  the  time  difference  between  the 
arrival  of  a  wave  front  at  the  two  antennas,  ex¬ 
pressed  in  whole  wavelengths  K,  while  the  actual 
phase-angle  difference  between  the  signals  is  ex¬ 
pressed  as  a  fraction  of  a  wavelength  A.  Distance 
between  the  two  antennas,  D  wavelengths,  divided 
into  K  +  A,  gives  the  cosine  of  a,  the  direction 
cosine  of  the  satellite  position. 

Block  diagrams  of  the  equipment  at  each  ground 
station  is  shown  in  Figs.  3  and  4  along  with  the  line 
connections  to  the  phase  meters,  recorders  and  the 
time  standard  system. 

Signals  from  antenna  pairs  are  fed,  after  pre¬ 
amplification,  to  the  mixers  which  are  also  supplied 
with  two  local  oscillator  signals.  Converted  to  two 
i-f  frequencies,  separated  by  500  cps,  the  two- 
antenna  signals  are  fed  to  a  common  i-f  amplifier 
that  has  a  bandwidth  broad  enough  to  create  a 
minimum  differential  phase  shift  between  the  two 
signal  frequencies. 

The  phase  angle  between  the  500-cps  oscillator 
separation  frequency  and  the  500-cps  signal  separa¬ 
tion  frequency  is  identical  with  the  phase  angle 
betw’een  the  two  antenna  signals. 

The  local  oscillator  separation  frequency,  the  ref¬ 
erence  signal,  is  phase-locked  to  a  500-cps  standard 
frequency  derived  from  WWV,  to  maintain  time 
synchronization. 

REFERENCE  SIGNAL — The  500-cps  reference  is 
counted  down,  compared  with,  and  adjusted  to  match 
the  time  standard.  Digital  information  is  recorded 
in  three  ten-level  staircase  analogs  for  the  tenths 
hundredths  and  thousandths  of  full  .scale,  using 
three  recording  channels  for  each  fine  baseline. 
The  fine  baselines  use  both  analog  and  digital  pres- 
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entations.  Digital  presentation  correlates  data  and 
time  and  provides  a  fast  accurate  readout. 

The  analog  presentation  shows  the  character  of 
the  data  and  acts  as  a  backup  for  the  digital  system. 
Internal  noise,  less  than  0.1  degree  rms,  does  not 
influence  the  readings. 


FILTER  AND  BUFFER— Receiver  signals  consist 
of  a  500-cps  component  at  a  nominal  amplitude  of 
10-v  pe^k-to-peak,  plus  noise  components  to  8,000 
cps  depending  upon  the  received  signal  strength. 

Filter  bandwidth  between  3-db  points  is  10  cps, 
corresponding  to  an  effective  post-detection  rectan¬ 
gular  bandwidth  of  8  cps. 

The  narrow-passband  filter  is  shown  in  Fig.  5. 
The  receiver  signal,  divided  by  eleven  by  R„  R, 
keeps  inductance  change  of  L,  small  enough  to 
neglect  phase  shift  from  amplitude  variations. 

The  entire  five-channel  filter,  oven-enclosed,  is 
kept  at  about  125  F.  Each  inductor  is  triple-mu 
shielded  to  eliminate  crosstalk  between  adjacent 
inductors.  The  filter  output,  nominally  0.5-v  peak- 
to-peak,  is  fed  directly  to  the  grid  of  the  amplifier 
stage  in  the  buffer. 

The  buffer.  Fig.  6,  amplifies  the  filter  output  for 
the  analog  phase  meters.  There  are  five  identical 
amplifiers  and  cathode  followers. 

The  amplifier,  with  about  20-db  feedback,  has  a 
closed-loop  gain  of  about  100.  The  feedback  ampli¬ 
fier  provides  stable  gain,  maintains  linearity  and 
minimizes  noise  distortion. 


CloMwp  vi«w  of  on*  of  tiio  Minitrock  ontonnot  locotod  in  Cuba. 
In  tbo  background  it  tho  ground-ttotion  troilor 
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REFERENCE-PULSE  GENERATOR  — The  500- 
cps  reference  signal  from  the  local  oscillator,  a  sine 
wave  of  about  10-v  peak-to-peak  amplitude,  is  ampli¬ 
fied  to  about  50-v  peak-to-peak  in  V,.,  of  the  refer¬ 
ence  pulse  generator.  Fig.  7.  A  single-stage  ampli¬ 
fier  with  about  10  db  of  degeneration  is  used. 

Output  of  Vtt  is  coupled  through  V,,  to  R^  and 

/).,  D.. 

The  clipped  sine  wave  is  amplified  by  V,4  and 
Vs».  The  output  of  V.,,  a  clipped  sine  wave  of  40-v 
peak-to-peak  amplitude,  with  a  rise  time  of  about 
6  nsec,  is  coupled  through  F^,  to  a  second  clamping 
stage.  Tube  Fm  prevents  overloading  of  F«. 

Diodes  D,  and  D,  are  biased  so  that  clamping 
occurs  at  one  volt  on  either  side  of  zero.  This  2-v 
peak-to-peak  square  wave  out  of  the  clamper  is 
amplified  by  F.,*  with  a  gain  of  about  30.  Amplitude 
distortions  represent  negligible  shifts  in  the  time 
of  zero  crossing. 

The  circuits  of  F,^  and  F,,  comprise  a  series- 
triggered  blocking  oscillator.  The  square  wave  from 
F44,  differentiated  by  Ci,  R„  provides  a  pulse  trigger 
for  the  blocking  oscillator.  In  addition,  the  built-up 
charge  on  C.  during  firing  holds  the  blocking  oscil¬ 
lator  grid  below  firing  potential  until  the  danger 
of  multiple  firing  is  past.  Grid  bias  of  Fu  is  ad¬ 
justed  by  Rt  to  fire  the  blocking  oscillator  in  coinci¬ 
dence  with  the  positive-going  zero  crossing  of  the 
500-cps  sinewave  into  the  unit. 

The  negative  150-v  one-ftsec  pulse  at  the  plate  of 
F4,  is  inverted  by  T,  and  fed  tO  and  F,,.  Posi- 
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FIG.  3— Simpliflod  block  diagram  of  data  and  timo  tyctom  at  aack 
ground  station 
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FIG.  S— Schematic  of  norrew-pattband  llltar 


tive-pulse  inversion  preserves  the  leading  edge  of 
the  pulse. 

The  output  of  one  of  the  cathode  followers  is 
distributed  to  three  analog  phase  meters  while  the 
other  goes  to  two  analog  phase  meters  and  the 
digital  phase  meter. 

DIGITAL  PHASE  METER— The  phase  angle  be¬ 
tween  the  signal  and  the  reference  is  measured  by 
the  unit  shown  in  Fig.  8.  A  bistable  switch  operates 
a  gate  which  connects  the  500-cps  pulse  train  to  a 
three-decade  decimal  counter  during  the  time  be¬ 
tween  a  reference  pulse  and  a  signal  pulse. 

Two  channels  measure  the  phase  angles  of  the 
north-south  fine  and  east-west  fine  signals.  Digital 
measurements  obtain  a  resolution  of  0.36  degree. 
Time  is  resolved  to  0.1  millisec. 

Output  information  is  recorded  on  a  direct-read¬ 
ing  unit  that  has  a  frequency  response  flat  to  20  cps 
and  down  3  db  at  60  cps.  To  obtain  output  within 
this  band,  the  600-cps  reference-pulse  train  is  di¬ 
vided  down  to  20  cps,  and  digital  measurements  are 
made  at  this  frequency. 

The  train  is  divided  by  25  by  the  two  divide-by- 
five  pairs  V,  and  V,»,  Vt.  The  positive  train 
from  the  reference-pulse  generator  is  applied  to  the 
suppressor  grid  of  the  first  phantastron. 

The  square  pulse  of  the  second  phantastron  has 
a  positive  rise  synchronous  with  every  25th  refer¬ 
ence  pulse.  This  square  pulse,  differentiated  by  C„ 
Ru  triggers  a  series-fed  blocking  oscillator,  V,.  Tube 
Vu  isolates  the  driving  circuit  from  the  pulse  on 
the  grid  winding  of  T,. 

The  train  of  negative  pulses  that  are  generated 
at  the  plate  trigger  two  bistable  switches  for  gate 
operation.  A  train  of  positive  80-v  pulses  at  the 
output  of  T,  is  coupled  through  F,  to  the  time  com¬ 
parison  unit. 

A  comparison  is  made  between  the  20-cps  refer¬ 
ence  and  the  one-cps  standard  in  the  comparison 
unit.  The  phase  angle  of  the  reference  is  adjusted 
so  that  every  20th  digital  measurement  coincides 
with  the  one-cps  standard  timing  signal  on  the 
recorders. 

The  500-kc  multiplier  utilizes  V„  driven  by  a 
100-kc,  90-v  peak-to-peak  sine  wave  from  the  time 


FIG.  7— R«far*nc*-pulM  gvnaralor  lupplias  a  SOO-ept  rafaranc*  pulta  to  Iha  analog  and  digital  phota  matart 
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FIG.  8— Digital  phot*  matar  maaturat  tha  pliasa  angla  batwaan  tha  signal  and  tha  rafaranca  paisa 
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standard.  Tubes  V,^  and  F,,  clip  the  negative  por¬ 
tion  of  the  wave,  thus  forming  60-v  pulses  that  go 
through  the  gates  to  the  two  decimal  counters. 

Switches  V,  and  V,;  and  two  gates,  V„  and  V,„ 
connect  the  500-kc  pulse  train  to  the  counters. 

The  20-cps  reference  pulse  from  the  plate  of 
blocking  oscillator  is  coupled  to  the  grids  of 
switches  V,  and  V,  to  turn  them  on.  The  500-cps 
signal  pulse  train  from  the  appropriate  analog  phase 
meter  is  inverted  by  T,  or  T,  and  fed  to  the  remain¬ 
ing  grid  of  the  associated  switch  to  turn  it  oft. 

Diode  pairs,  D„  D„  and  D„  D,  decouple  the  driv¬ 
ing  circuits  during  the  switch  transients  and  clamp 
the  positive  overshoots  of  the  triggering  pulses  to 
prevent  triggering  the  pulse  at  the  wrong  time. 

The  level  of  the  gate  signal  from  the  switch  plates 
is  lowered  by  dividers  R„  R,  and  R„  Ri  so  that  the 
upper  level  of  the  signal  to  the  grid  of  the  counter 
gates  V,o  and  V„  is  at  ground  level,  and  the  lower 
level  drives  the  grid  well  below  cut  off.  Thus,  when 
the  switch  is  on,  the  500-kc  pulses  are  coupled  to  the 
counters. 

DECIMAL  COUNTERS — Each  of  the  two  decimal 
counters  is  made  up  of  one  high-frequency  Berkeley 
707AF ;  and  two  medium-frequency  Hewlett-Packard 
AC-4A  packaged  units. 


All  counters  are  reset  by  Vu,  which  is  triggered 
by  the  positive  rise  of  the  cathode  of  Vt,  about  five 
millisec  before  a  count  is  to  be  made. 

The  resistor-diode  matrix,  connected  to  each  of 
the  two  high-frequency  counters,  forms  an  analog 
representation  of  the  counter  signal  digital  output. 

Tubes  Vit,  V,,  and  V„  provide  analog  voltages  to 
the  recorder  as  a  three-digit  number:  0  to  999.  This 
number  is  a  measure  of  the  direction  cosine  of  the 
angular  position  of  the  satellite,  in  terms  of  per¬ 
centage  of  antenna  baseline  length.  The  tens  and 
hundreds  counter  outputs  are  combined  by  a  re¬ 
sistor  matrix  and  fed  to  meters  on  the  control  panel. 

Two  Sanborn  168-5475  eight-channel  recorders 
are  used.  Permanent  records  are  obtained  in  recti¬ 
linear  coordinates.  The  records  have  excellent  line 
definition. 

Time  information  is  received  from  the  time- 
standard  system  in  the  form  of  relay  closures  in 
coded  time  sequence  and  is  used  to  energize  the 
timing  stylus  in  the  margin  of  the  record.  The 
stylus  records  a  60-cps  signal  during  the  50-millisec, 
on  period  of  the  time  standard  relay. 

The  authors  acknowledge  the  contributions  of 
members  of  the  Radio  Tracking  Branch  of  Project 
Vanguard,  in  particular,  F.  J.  Habib,  J.  Taube, 
W.  M.  Hocking  and  J.  W.  Ryan. 
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Prototype  rogulotor,  filling  standard  rock  at  contor,  succostfully  hold  blood  protturo  and  pulto  rato  of  dog  on  table  at  desired  levels  set 
on  dials.  Clamps  on  table  hold  pressure  transducer  that  goes  in  artery  and  electrodes  that  make  contact  with  nerves 


Blood  Pressure  and 


IT  HAS  LONG  BEEN  a  dream  of 
medical  men  to  be  able  to  con¬ 
trol  both  heart  rate  (pulse  rate) 
and  blood  pressure  in  a  living  ani¬ 
mal  over  sustained  periods  of  time. 
Especially  was  this  need  felt  dur¬ 
ing  experimental  work  on  labora¬ 
tory  animals,  where  many  factors 
affect  the  blood  pressure  of  the 
animal  being  examined  and  the 
blood  pressure  and  heart  rate  in 
turn  affect  other  animal  factors. 
One  of  the  major  blood-pressure 


regulating  mechanisms  in  the  body 
is  a  small  pressure  detector  in  the 
neck  which  detects  the  actual  pres¬ 
sure  in  the  carotid  sinus  artery  and 
converts  this  pressure  into  elec¬ 
trical  impulses.  These  electrical 
impulses  are  fed  through  a  system 
of  nerves  to  the  brain,  as  shown  in 
Fig.  1.  The  brain  then  translates 
these  impulses  into  other  nerve  im¬ 
pulses  which  act  on  muscles  to  con¬ 
trol  blood  vessels  throughout  the 
body.  If  blood  pressure  rises  too 
high,  a  signal  is  sent  from  the  brain 
which  causes  the  blood  vessels  and 
openings  to  expand,  thereby  allow¬ 
ing  the  pressure  to  decrease. 

The  nerves  that  control  the  im¬ 
pulses  to  the  blood  vessels  can  be 
externally  stimulated  by  using  elec¬ 
trical  pulses  in  the  range  of  12 
volts,  with  pulse  width  approxi¬ 
mately  0.1  millisecond  and  fre¬ 
quency  proportional  to  the  desired 
pressure.  The  actual  body  pressure 


FIG.  2— Variation  of  blood  prouuro  in 
aorta  af  modium-iiio  dog 


replaced  by  an  electronic  system. 

The  body  heart  rate  is  controlled 
by  a  similar  mechanism.  The  heart 
rate  is  sensed  by  a  transducer  and 
impulses  are  fed  onto  appropriate 
nerves  that  control  the  heart  mus¬ 
cles,  these  impulses  being  a  func¬ 
tion  of  the  actual  heart  rate.  Part 
of  the  body’s  own  system  can  be 
replaced  by  an  electronic  system. 

Getting  Signals  from  Body 

The  first  problem  to  be  solved  is 
that  of  providing  a  signal  propor- 
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FIG.  1— $ifnplifl«cl  diogrom  of  blood  pros- 
•uro  rogulotor  tystom  in  onimol 
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FIG.  3— Ekctrenic  blood  protturo  rogulotor  sonio*  ortoriol  pro*iuro  FIG.  4— Hoort  roto  regulator  similarly  sonsot  arterial  pressure,  but 
and  delivers  controlling  pulses  to  carotid  sinus  nerve  delivers  pulses  to  vagus  nerve  that  controls  muscles  of  heart 


Successful  electronic  control  of  clog's  heart  in  laboratory  experiments  offers 
promise  that  patients  with  heart  trouble  may  someday  wear  transistorized 
versions  wired  to  nerves  that  control  heart  action.  Patient  could  then  turn 
knobs  to  adjust  blood  pressure  and  pulse  rate,  just  as  users  of  hearing  aids 
adjust  volume  from  time  to  time 

By  ROBERT  L.  SKINNER,  DIETRICH  K.  GEHMLICH  and  FRANK  W.  LONGSON 

E5NSCO,  Inc.,  Salt  Lake  City,  Utah 


Heart  Rate  Regulator 


tional  to  the  blood  pressure  and  the 
heart  rate  of  the  body  system.  This 
is  accomplished  by  inserting  a 
needle  or  catheter  into  an  artery 
and  allowing  the  blood  to  come  up 
the  needle  and  make  contact  with 
a  small  pressure  transducer  that 
provides  an  output  voltage  propor¬ 
tional  to  the  actual  blood  pressure. 
The  arterial  pressure  consists  of  a 
series  of  pressure  pulses  (one  for 
each  time  the  heart  beats)  super¬ 
imposed  on  a  slowly  varying  mean 
pressure  as  in  Fig.  2.  The  distance 
A-B  represents  the  mean  blood 
pressure  in  the  body  system.  The 
output  voltage  of  the  pressure 
transducer  is  fed  through  filters 
which  average  out  the  arterial 
pressure  pulses.  The  resultant  volt¬ 
age,  proportional  to  the  mean  pres¬ 
sure  of  the  system,  is  used  to  con¬ 
trol  the  blood-pressure  regulator. 

The  signal  needed  to  control  the 
heart-rate  regulator  should  be  a 


function  of  heart  rate  alone  and 
not  dependent  on  mean  blood  pres¬ 
sure.  Differentiation  of  the  arterial 
pressure  signal  eliminates  the  mean 
pressure  and  produces  the  required 
sharp  spike  at  the  beginning  of 
each  pressure  pulse.  These  spikes 
are  used  to  control  the  heart-rate 
regulator. 

Blood  Pressure  Regulator 

The  voltage  signal  proportional 
to  the  mean  pressure  level  in  the 
artery  is  amplified  by  a  drift-free 
chopper  amplifier  and  fed  into  an 
adder  circuit,  as  indicated  in  Fig. 
3.  The  adder  circuit  sums  the  volt¬ 
age  representing  the  mean  blood 
pressure  and  a  voltage  representing 
some  preset  desired  pressure  level. 
This  voltage  sum  controls  the  rate 
generator. 

Also  fed  into  the  adder  is  a  nega¬ 
tive  feedback  signal  that  is  directly 
proportional  to  the  output  fre¬ 


quency  of  the  rate  generator.  The 
adder  then  also  performs  the  func¬ 
tion  of  an  error  detector  in  an  inner 
closed  loop.  This  inner  loop  is  de¬ 
signed  to  hold  the  output  frequency 
directly  proportional  to  the  voltage 
sum  of  the  mean  blood  pressure  and 
some  fixed  level,  independent  of 
drift  and  fluctuations  within  the 
frequency  source  itself. 

The  frequency  of  the  stimulating 
pulses  to  be  applied  to  the  nerve  in 
.  the  body  to  control  blood  pressure 
lies  within  the  range  of  0  to  100 
cps,  depending  on  the  desired  pres¬ 
sure.  The  rate  generator  beats  two 
high-frequency  oscillators  together 
in  the  mixer  to  obtain  this  low-fre¬ 
quency  output.  One  oscillator  is 
fixed  in  frequency  at  10,000  cps, 
while  the  other  can  be  varied  from 
10,000  cps  to  10,100  cps  by  use  of 
a  reactance-tube  modulator  which 
is  controlled  by  the  adder  output. 

The  output  of  the  mixer,  which 
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FIG.  5— CempUt*  circuit  diagram  of  blood  prattur*  rogulotor.  Powar  tuppliat  ora  coiP* 
vantionol,  banc*  not  thown 


contains  all  sum  and  difference  fre¬ 
quencies  of  both  oscillators,  is  fed 
into  a  low-pass  filter  which  removes 
the  higher  frequencies.  The  result¬ 
ing  sine-wave  output  of  the  rate 
generator,  varying  in  frequency 
from  0  to  100  cps,  is  fed  into  squar¬ 
ing,  differentiating  and  clipping 
circuits.  The  result  is  a  positive 
pulse  of  the  same  frequency  as  the 
input  sine  wave.  This  pulse  is  used 
to  trigger  a  monostable  multivi¬ 
brator  which  in  turn  supplies  con¬ 
stant-width  pulses  to  the  output 
circuit  at  the  frequency  corre¬ 
sponding  to  the  rate  generator. 

In  the  output  circuit  in  Fig.  3 


is  a  cathode  follower  which  sup¬ 
plies  the  power  to  stimulate  the 
carotid  sinus  nerve  controlling 
blood  pressure.  The  output  is  con¬ 
nected  through  suitable  electrodes 
to  the  carotid  sinus  nerve  in  an  ex¬ 
posed  region  of  the  neck. 

The  output  circuit  also  contains 
a  frequency  detector  which  provides 
a  d-c  voltage  proportional  to  the 
stimulus  frequency.  A  voltmeter  on 
the  front  panel  is  calibrated  to  in¬ 
dicate  this  stimulus  frequency  di¬ 
rectly  in  cps.  The  d-c  voltage  is 
also  fed  back  into  the  adder  as  neg¬ 
ative  feedback  which  stabilizes  the 
rate  generator  against  the  possibil¬ 


ity  of  internal  frequency  drift. 

The  level  control  circuit  has  a 
limiting  control  which  may  be  pre¬ 
set  to  some  safe  value  so  that  in 
normal  use  the  mean  blood  pressure 
cannot  be  set  to  a  harmful  level. 

Heart  Rate  Regulator 

The  operation  of  the  heart  rate 
regulator  in  Fig.  4  is  identical  with 
that  of  the  blood  pressure  regulator 
except  for  the  input  circuit  and  the 
nerve  to  which  the  frequency  out¬ 
put  is  attached.  The  voltage  output 
from  the  same  pressure  transducer 
in  the  artery  is  amplified  and  ap¬ 
plied  to  the  squaring  circuit. 

Output  of  the  squaring  circuit  is 
differentiated  and  clipped  to  give 
a  sequence  of  pulses,  each  repre¬ 
senting  one  heartbeat  and  appear¬ 
ing  at  a  time  corresponding  to  the 
rising  edge  of  the  arterial  pressure 
pulse.  These  pulses  are  applied 
through  a  monostable  multivibrator 
to  frequency  detector  No.  1,  to  give 
a  d-c  voltage  output  that  is  directly 
proportional  to  the  input  frequency. 
This  d-c  voltage  is  in  turn  applied 
to  the  adding  circuit.  The  rest  of 
the  operation  is  identical  to  that 
of  the  blood-pressure  regulator  cir¬ 
cuit.  Also  included  in  the  fre¬ 
quency  detecting  circuit  is  a  meter 
that  reads  the  d-c  voltage  which  is 
proportional  to  the  heart  rate.  The 
meter  face  is  calibrated  to  read 
heart  rate  directly  in  pps. 

The  desired  heart  rate  is  fed  into 
the  regulator  by  adjusting  the  level 
set  control.  The  unit  then  auto¬ 
matically  sets  the  heart  rate.  The 
output  stimulating  pulses  are  ap¬ 
plied  to  the  vagus  nerve  which  con¬ 
trols  the  muscles  in  the  heart. 

If  this  nerve  fatigues  and  normal 


FIG.  A— Soctian*  of  haart  rata  ragulalor  wbich  uta  diffarant  circuiutt.  Saparata  powar  supply  it  convantional 
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body  control  takes  over,  denerva¬ 
tion  of  the  vagus  nerve  helps  to  re¬ 
store  control  to  the  electronic  heart 
rate  regulator. 

Circuits 

The  complete  circuit  of  the  blood 
pressure  regulator  is  given  in  Fig. 
5,  except  for  power  supplies.  Iden¬ 
tification  of  stages  corresponds  to 
that  of  the  block  diagram  in  Fig.  3. 
The  6AG5,  12AU7  and  12AT7  tubes 
in  the  chopper  amplifier  serve  to  de¬ 
liver  to  the  adder  a  d-c  voltage  that 
is  proportional  to  mean  blood  pres¬ 
sure,  the  polarity  of  which  can  be 
reversed  by  the  reversing  switch  at 
the  upper  right. 

Potentiometers  in  the  adder  cir¬ 
cuit  permit  introducing  negative 
voltages  that  correspond  to  the  de¬ 
sired  blood-pressure  level  and  the 
maximum  safe  level.  The  remain¬ 
ing  stages  function  essentially  as 
described  for  the  block  diagram, 
with  the  frequency  detector  having 
an  added  output  for  driving  a  re¬ 
corder. 

The  heart-rate  regulator  differs 
from  the  blood-pressure  regulator 
principally  in  the  input  circuits, 
shown  in  Fig.  6.  The  stages  are 
labelled  to  conform  to  the  termi¬ 
nology  of  the  block  diagram  in 
Fig.  4. 

The  blood  pressure  can  be  main¬ 
tained  constant  over  long  periods 
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FIG.  7— Tracing  of  rMcord  thowing  ragukrtion  of  protturo  by  stimulcrtion  of  corotid  sinut 
norvo  with  blood  protturo  rogulotor  unit 


of  time  with  no  detrimental  effects  blood  pressure  is  also  obtained,  as 
to  the  patient  or  subject.  Figure  7  a  result  of  decreased  heart  rate, 
shows  a  pressure  recording  taken 
on  a  dog  over  a  period  of  90  min. 

The  electronic  regulator  was  ener¬ 
gized  near  the  beginning  of  the  trace 
and  the  mean  pressure  dropped  to 
the  desired  level.  This  level  was 
maintained  over  the  90-minute 
period,  after  which  time  the  stimu¬ 
lus  was  removed.  The  body  system 
immediately  increased  the  pressure 
to  its  original  level. 

In  some  cases  where  the  blood 
pressure  regulator  does  not  com¬ 
pletely  override  the  subject’s  own 
regulator  system,  it  is  necessary  to 
denervate  the  carotid  sinus  nerve. 

Ability  of  the  heart  rate  regula¬ 
tor  to  lower  the  heart  rate  is  shown 
in  Fig.  8.  Here  the  output  signals 
are  fed  to  the  vagus  nerve.  The 
decreased  heart  rate  can  be  held 
constant  at  the  preset  level  for  long 
periods  of  time.  A  decrease  in  mean 


Future  Possibilities 

During  laboratory  experimenta¬ 
tion  on  the  cardiovascular  system, 
the  regulators  may  be  used  to  elimi¬ 
nate  the  variables  of  heart  rate  and 
blood  pressure  and  maintain  them 
at  any  level  as  dictated  by  the  ex¬ 
periment.  These  units  may  also  be 
used  to  simulate  different  condi¬ 
tions  of  blood  pressure  and  heart 
rate. 

For  instance,  they  allow  stud¬ 
ies  of  high  blood  pressure  in  which 
the  actual  high  blood  pressure  is 
induced  by  the  regulator.  Also, 
studies  can  be  made  of  the  response 
of  several  body  systems  to  variable 
heart  rate.  At  all  times,  the  experi¬ 
menter  or  physician,  has  complete 
control  of  the  variables. 

Up  until  this  time,  the  heart  rate 
regulator  and  blood  pressure  regu¬ 
lator  have  not  been  applied  to 
human  patients.  However,  more  re¬ 
search  is  under  way  and  the  possi¬ 
bilities  for  the  future  are  rather 
intriguing.  The  possibility  exi.sts 
that  these  units  may  be  miniatur¬ 
ized  and  further  developed  such 
that  they  may  be  applied  to  human 
beings  to  adjust  or  control  blood 
pressure  and  heart  rates  over  long 
periods  of  time.  The  ultimate  is, 
of  course,  a  possibility  that  a  suf¬ 
ferer  from  high  blood  pressure,  for 
instance,  may  be  able  to  wear  a 
miniaturized  blood  pressure  regu¬ 
lator  continually  and  adjust  his 
high  blood  pressure  much  the  same 
as  wearers  of  hearing  aids  adju.st 
their  hearing  level. 

The  medical  facilities,  testing, 
and  background  for  the  develop¬ 
ment  of  the  blood  pressure  and 
heart  rate  regulators  were  fur¬ 
nished  by  Dr.  H.  R.  Warner  of  the 
L.D.S.  Hospital,  Salt  Lake  City, 
under  grants  from  the  U.  S.  Health 
Service. 
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Tape  and  Film  Insulation 

High-temperature  requirements  of  modern  military  equipment  are  bringing 
about  use  of  new  tape  and  film  insulations  that  combine  recently  developed 
plastics  with  conventional  materials  such  as  glass,  mica  and  asbestos 


By  GEORGE  SIDERIS,  Associate  Editor 


Active  development  of  dielectric  combinations  in 
recent  years  have  sriven  electronics  a  wide  choice  of 
tapes  and  Alms. 

There  are  scores  of  insulating  papers  available, 
in  thicknesses  ranging  from  one-hfth  mil  and  up  and 
in  dielectric  strengths  ranging  from  200  to  2,500 
volts  per  mil  thickness. 

MICA — Better  grades  of  mica,  available  in  thick¬ 
nesses  of  1  and  2  mils,  have  dielectric  strengths  up 


Table  1— Standard  Service  Temperature  Ratings  for 
Tape  and  Film  Insulation 


CIhmh 

TemperH- 

ture 

Baaic  Materials 

o 

90  C 

Materials  ur  cx>iiiliinations  of  materials  such 
as  (xitton,  silk  and  (taper  without  iiiipregnation 

A 

105  C 

Materials  ur  (xtiiihinations  of  materials  such 
as  cotton,  silk  and  (>a(H‘r  when  suitahly  im- 
pre((nated  or  immersed  in  a  dieletrtric  liquid 

B 

130  C 

Materials  ur  combinations  of  materials  such 
as  mica,  glass  filter,  asiM'sUts  with  suitable 
Itunding  suhstamces 

F 

155  C 

Class  B-type  materials  with  suitable  binders 

U 

180  C 

Class  B-ty|)e  materials  and  others  such  as 
silicone  elasUtniers  with  hinders  such  as 
siliotne  resins 

C 

220  C 
and  up 

Inorganic  materials  such  as  mica,  (turcelain, 
glass,  quartz 

Note:  In  all  ciasaes,  other  materials  may  lie  substituted  if 
experience  and  aix^epted  tests  demonstrate  that  the  material  is 
suitable  for  the  class 


to  3,000  volts  per  mil.  One  prepared  form  of  mica 
consists  of  1-mil  sheets  coated  with  silicone  varnish 
and  ground  mica  to  provide  a  nonslip  form  about 
2  mils  thick. 

Most  designers  are  already  familiar  with  tapes 
and  films  made  of  such  plastics  as  vinyl,  polyethylene 
and  polyester.  Polyester  has  rapidly  become  impor¬ 
tant  as  a  capacitor  dielectric  and  in  pressure-sensi¬ 
tive  tapes. 

FLUOROCARBONS — Fluorocarbon  resins,  with 
their  stability  over  a  wide  range  of  temperature  and 
frequencies  are  expected  to  become  more  widely  used. 
Films  of  tetrafluorethylene  (TFE)  are  now  com¬ 
mercially  available  as  thin  as  1  mil  and  have  been 
cast  at  A  mil.  In  some  cases  these  can  be  used  for 
class-C  applications  (see  Table  I).  They  are  gener¬ 
ally  typed  as  class-H  insulation.  Thin  film  of  tetra¬ 
fluorethylene  may  be  laminated  to  avoid  pinholes 
without  increasing  bulk,  or  can  be  metallized  for 
capacitor  winding. 

One  plastics  processor  offers  a  TFE  fluorocarbon 
which  has  been  modified  to  improve  its  high-tempera¬ 
ture  physical  capabilities  with  only  a  slight  loss  of 
high-frequency  electrical  qualities.  A  perfluorocar- 
bon  soon  to  be  commercially  available  will  perform 
like  the  polyesters,  but  in  a  higher  temperature 
range. 

POLYETHYLENE  —  Polyethylene’s  temperature 
rating  has  been  raised  to  class  A  by  irradiation,  al¬ 
though  it  is  not  yet  available  in  extremely  thin  films. 

Irradiation  also  permits  it  to  be  heat-shrunk  by 
40  or  50  percent  to  create  a  form-fitting  wrapping. 

GLASS — Glass  has  been  finding  increasing  applica¬ 
tions  recently  as  a  flexible  dielectric,  chiefly  as  fiber 
cloth  and  bonded  flakes.  Thin  glass  films  are  used 
in  capacitors  but  they  lack  flexibility  for  cold  wind¬ 
ings  on  coils  and  other  applications. 
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for  Electronic  Equipment 


Glass  cloth  is  used  in  high-temperature  tapes  pri¬ 
marily  to  give  resins  greater  physical  strength.  In 
the  glass  flake  papers,  the  paper  pulp  is  used  to 
bond  the  flakes.  The  paper  pulps  may  either  be  the 
common  kraft  paper  pulp  or  glassine,  a  clear  paper 
pulp.  At  least  one  firm  is  laying  glass  fibers  length¬ 
wise  on  thin  asbestos  paper  to  improve  its  strength. 

Some  of  the  newer  types  of  flexible  insulation 
systems  use  matted  and  felted  resins  and  inorganics. 

APPLICATIONS — A  number  of  the  insulating  ma¬ 
terials  shown  in  Table  II  were  originally  developed 
for  electrical  applications,  rather  than  for  electronic 
use.  The  thinness  of  the  tapes  described  testify  to 


the  efforts  of  insulation  manufacturers  to  keep  striv¬ 
ing  for  insulations  which  take  up  less  space. 

As  the  maximum  service  temperature  of  electronic 
equipment  is  pushed  up,  glass,  mica,  reconstituted 
mica,  silicones  and  the  fluorocarbons  will  become 
more  important.  In  using  combinations  of  these  ma¬ 
terials,  it  must  be  remembered  that  the  initial  tem¬ 
perature  rating  of  the  insulating  system  is  not  so 
important  as  the  ability  of  the  sys'^.em  to  withstand 
long-term  high  temperature. 

Not  shown  in  Table  II  are  a  host  of  natural  and 
synthetic  tape  and  film  materials  useful  at  tempera¬ 
tures  below  105  C. 


Table  II— Physical  and  Electrical  Properties  and  Applications  of  Representative  Tape  and  Film  Insulation 


Service 

Dielectric 

Tensile 

Thickwsw 

Temp. 

Strength 

Strength 

(at 

Glass 

volts/niil 

lbs. /in. 

values 

(Table  I) 

thickness 

width 

given) 

Typical  Applicatifins  in  Electronic  Equipnamt 

Polyester . 

A 

1,000 

— 

1 

Capacitors,  transformers  and  coils,  insulate  cores 

Varnish-|i«per . 

A 

2,000 

— 

1 

Capacitor  dielectric,  coils,  cable  joints 

Polyester-paper . 

A 

1,.3.)0 

100 

6.5 

(x>il  insulation,  capaciU)r  dielectric 

Polyester-cloth . 

A 

2,7.'>0 

20 

5 

Transformer  and  txjil  wrapping 

.\cetate-<-|oth . 

A 

2,0(K) 

.'»0 

3.5 

/Vilixing  yokes  to  u>ils 

Irradiated  polyethylene. „ . 

A 

2,7r>0 

— 

5 

It-f  calilt;,  heat-shrunk  wrapping 

Hesin-glass . 

..  B 

.'.00 

100 

5 

Small-motor  slot  insulation 

.\sbestos-polye8ter . 

B 

1,200 

— 

5 

“ 

Polyester-riibb»*r . 

..  B 

2,200 

20 

2.5 

Electronic  (X(m|M>nents 

Polyester-iiiice-fleM . 

..  B 

1,200 

70 

5 

Spacers  and  other  structural  |>arts 

Glass  llake-glassine . 

..  B 

1,IM)0 

15 

5 

In  development 

Cilass-isocyanate . 

..  F 

1,600 

75 

3 

SfiHcers  and  other  striK'tiiral  (larts,  wrappings 

Asliestos-i.s(M' vanate . 

..  F 

8(M) 

18 

1 

a  s  «  a  «  u 

(■lass-polyester . 

F 

1,700 

— 

— 

U  U  U  tf  M  M 

(dass-sili(y>ne . 

1,000 

70 

3 

Siiiall-nH>tor  wrapping,  wire,  transforiiH'r 

(ilass-silictine  ruhlsT . 

1,100 

70 

5 

('able  wrapping,  transformers 

(ilass-tetralluorethylene .  . 

7.'»0 

40 

3 

“  “  “  ,  taping  leads 

Asbest4)s-Hilicone . 

800 

7 

3 

Spa4!ers  and  other  structural  parts 

Mica-resin  mat . 

700 

15 

5 

Spacers  and  other  structural  parts,  tiilies 

M  ica-silic»iie-giasB . 

32.> 

70 

6 

“  “  “  “  “  “  ,  wire  insulation 

Telra  iluorethylene . 

3,200 

— 

1 

Wire  insulation,  strip  txiils,  (»pa4;itor  dielectric 

AshesUts-silicone . 

..  C 

no 

9.5 

3 

liigh-teniperature  power  transformers 

Glass  paper . 

..  C 

200 

2.5 

4 

Transformer  and  small  motor  insulation 

Mica-silicone . 

..  C 

2,000 

— 

H 

Iligh-teniperature  capacitor  dielectric,  power  transformers 

Glass-silicone . 

..  C 

8.>0 

— 

— 

Transformers 

.Mica  sheet . 

...  C 

1,000 

— 

Capacitor  dielectric 
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Multiplier-phototube  control  circuit,  traveling  on  machine  lathe,  automati¬ 
cally  records  dimensional  measurements  of  printed  circuits  and  photographic 
plates  in  increments  of  0.0001  in.  System  employs  opaque  projector  and  elec¬ 
tronic  counter.  Output  is  read  as  image  length  times  magnification  ratio 


By  SHELDON  ISAACSON,  Maryland  Electronic  Mfg.  Corp.,  College  Park,  Maryland 

Electronic  Caliper 


AUTOMATIC  MICKOMEASUREMENTS 
Xa  of  dimensions  of  small  ob¬ 
jects  are  made  by  an  electronic  sys¬ 
tem  that  eliminates  human  error 
in  taking  repetitious  readings. 

Measurements  are  taken  by  a 
multip'iar-phototube  control  circuit 
that  travels  on  a  precision  lathe. 
Circuit  output  is  fed  to  an  elec¬ 
tronic  counter.  A  block  diagram  of 
the  system  is  shown  in  Fig.  1,  and 
the  mechanical  layout  is  seen  in 
Fig.  2. 

The  object  to  be  measured  is 
placed  on  a  rotary  index  table,  lo¬ 
cated  directly  beneath  the  lens  sys¬ 
tem  of  a  projector.  The  lens  casts  a 
magnified  image  of  the  object, 
which  is  reflected  from  a  front-s.ir- 
faee  mirror  onto  the  plane  scanned 
by  the  multiplier  phototube. 

System 

A  931-A  multiplier  phototube,  a 
6AK5  amplifier  and  a  mercury-re¬ 
lay  switch  with  a  relatively  fast 
response  time  are  mounted  to  the 
cross  arm  of  the  lathe.  This  arm 
travels  down  the  ways  of  the  lathe 
and  when  the  phototube  reaches  the 
image-area  region,  the  mercury  re¬ 
lay  switch  with  a  relatively  fast 
counter  is  triggered  and  the  count¬ 
ing  cycle  begins.  The  relay  is  de¬ 
energized  at  the  end  of  the  image 
zone  and  counting  stops.  Recorded 
in  counter  readout  is  the  image 
length  times  the  magnification 
ratio. 


Sealed-beam  lights  in  the  pro¬ 
jector  give  high  illumination  ef¬ 
ficiency.  A  voltage  regulator  insures 
a  constant  light  source,  independent 
of  line-voltage  fluctuation.  A  venti¬ 
lating  fan  stabilizes  the  projector 
temperature. 

Circuit 

The  multiplier-phototube  circuit 
is  shown  in  Fig.  3.  The  931-A  tube 
fulfills  the  needs  of  sensitivity,  tube 
response  time  and  low  dark  current 
to  minimize  fringe-lighting  effects 
resulting  from  shadow  diffraction 
around  the  image.  The  phototube 
also  permits  a  high  signal-to-noise 
ratio  at  low  levels  and  response 
peaks  correspond  closely  to  the 
light  source  of  the  projector. 

Photocathode  sensitivity  is  15  #ia 
per  lumen.  At  100-v  potential  per 
stage,  the  average  stage  gain  is  3.5 
for  a  total  gain  of  60,000.  With 
125-v  potential  per  stage,  the  gain 
will  be  230,000,  which  is  a  4  to  1 
change  in  gain.  If  tube  output  is 


I - 1 


FIG.  1— Block  diagram  of  olectronic 
micromotor  for  printod  circuit  chocking 


FIG.  2— Mochonicol  orrongomont  of  tho 
procition  moaturing  mackino.  Imago  of 
objocl  to  bo  moaturod  it  tconnod  by 
phototubo  at  arm  travolt  down  latho 

held  at  one  percent,  the  regulation 
of  the  high-voltage  supply  should 
be  0.1  percent. 

Dark  current  of  the  931-A  is 
0.‘^5  fia.  with  100  v  per  stage.  A 
lifchtsource  of  10"*  or  10  ’  lumens 
is  detected  if  the  tube  is  operated 
with  a  gain  of  only  50,000.  The 
aperture  of  the  phototube  is  re¬ 
duced  by  installing  a  limiter 
(dormer  window)  over  a  glass  en¬ 
velope,  controlling  overall  sensi¬ 
tivity  to  some  extent. 

Respon.se  time  for  a  typical  9- 
stage  phototube  is  about  6  x  10'* 
sec.  Response  is  linear  from  zero 
illumination  to  values  which  cause 
saturation  due  to  space-charge  ef¬ 
fects.  If  it  takes  6  v  to  fire  the  next 
stage,  then  6  /xa  is  required  from 
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TIm  object  to  bo  mooturod  it  plocod 
bonooth  lont  of  opoquo  projector,  and 
costs  imago  in  piano  parallel  to  lathe 


Lons  and  front-surface  mirror.  Imago 
from  front-surface  mirror  is  rofloctod  on 
to  piano  scanned  by  phototube 


Counter  wheel  is  directly  geared  to  the 
main  screw  of  the  lathe.  Light  boom, 
through  holes,  indicates  lathe  travel 


Checks  Printed  Circuits 


its  periphery,  is  geared  directly  to 
the  main  lead  screw  of  the  lathe. 
Each  hole  corresponds  to  0.0001- 
in.  cross-arm  travel  down  the 
lathe. 

The  counter  wheel  interrupts 
a  light-beam-phototube-transducer 
system  which  emits  one  output 
pulse  per  interruption,  as  the  car¬ 
riage,  propelled  by  the  lead  screw, 
takes  the  cross-arm  down  the  lathe. 

The  output  pulse  from  the  photo¬ 
tube  is  fed  into  an  electronic 
counter  which  registers  the  total 
number  of  pulses. 

Magnification  ratio  of  object-to- 
image  was  determined  within 
measuring  accuracy  of  precision 
dial  indicators. 


the  phototube  at  maximum  sensi¬ 
tivity. 

Illumination  sensitivity  of  the 
phototube  is  800,000  fia  per  lumen, 
80  that  only  6/800,000  lumens  will 
trigger  the  counter  at  full  sensi¬ 
tivity.  To  further  compensate  for 
fringe  lighting,  the  sensitivity  con¬ 
trol  is  cut  down  to  300,000  ohms, 
which  requires  20  fia  or  25  micro¬ 
lumens  to  trigger  the  counter. 

Operation 

A  counter  wheel  with  125  holes, 
accurately  indexed  and  drilled  in 


The  electronic  micrometer  was 
designed  to  facilitate  inspection  of 
printed  circuits  and  photographic 
plates,  and  has  been  used  to  meas¬ 
ure  metal  stampings  and  three- 
dimensional  parts.  The  machine  is 
semiautomatic  at  present,  the  only 
manual  operation  required  being 
object  positioning.  However  its  use 
could  be  extended  for  fully-auto- 
matic  inspection. 

Conveyor  Control 

An  electronically  controlled  con¬ 
veyer  could  be  incorporated,  so  that 
objects  would  be  positioned  auto¬ 
matically  to  start  and  stop  photo¬ 
tube  scan.  The  stop-count  control 
could  be  arranged  to  trigger  a 
photoflash  unit  which  would  pro¬ 
vide  a  photographic  record  of  the 
electronic  counter  readout,  then  re¬ 
set  the  counter  and  recycle  the  en¬ 
tire  operation. 

Fully  automatic  inspection  would 
greatly  complement  the  quality-con¬ 
trol  requirements  of  mass  produc¬ 
tion. 


Measurement  Parameters 

With  a  magnification  ratio  of  100 
to  1,  measurements  to  one-millionth 
of  an  inch  are  possible  in  theory. 
However  allowances  must  be  made 
for  shadow  diffraction.  The  light- 
fringe  surrounding  the  image  was 
found  to  measure  0.0005  in.  in  the 
image  plane. 

A  fair  approximation  allows 
0.001  in.  for  total  shadow  diffrac¬ 
tion.  Also  allowances  are  made  for 
measurement  tolerances  to  10*. 
Considering  these  factors,  meas¬ 
urements  to  100  millionth  of  an 
inch  are  experienced.  Repeated 
measurements  on  the  same  object 
indicate  an  accuracy  to  ±10  counts 
or  10  ppm. 


TO 

COUNTER 
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FIG.  3— Mubiplior-phetotubo  control  cir¬ 
cuit.  The  mercury  relay  controlt  the  elec¬ 
tronic  counter 
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Electrostatically  Focused 

Complete  freedom  from  external  focusing  accessories  is  a  feature  of  this  new 
power  traveling-wave  device.  Other  advantages  are  lightweight,  rugged¬ 
ness,  freedom  from  critical  voltage  adjustment  and  no  ion  oscillation  problems 

By  D.  J.  BLATTNER  and  F.  E.  VACCARO,  Electron  Tulie  Dlv.,  Radio  Corp.  of  America,  Princeton.  N.  J. 


focusing  package 

POWER  WEIGHT 
(W)  (LBS) 


early  laboratory  magnetically  confined 
FLOW  IN  FOCUSING  SOLENOID 


BRILLOUIN  FLOW  SHIELDED  CONVERGENT  GUN 
IN  SOLENOID 


PERIODIC  PERMANENT  MAGNETIC  FOCUSING 


ELECTROSTATIC  FOCUSING  "ESTIATRON" 

FIG.  I— Site  and  weight  comparison  for 
10-w  S^ond  traveling>wave  amplifiers 


Because  of  its  large  bandwidth 
and  gain,  the  traveling-wave 
tube  is  useful  in  radio-relay  sys¬ 
tems  requiring  frequency  diversifi¬ 
cation. 

Acceptance  of  the  tube  in  the 
field  has  been  slow,  however,  partly 
because  a  heavy  magnet  is  needed 
to  focus  the  electron  beam  and  be¬ 
cause  the  tube  must  be  aligned 
carefully  within  the  magnet. 

Size  and  Weight  Reduction 

Figure  1  illustrates  the  progress 
made  in  reducing  size  and  weight 
of  traveling-wave  tube  packages. 
Early  laboratory  solenoids  for 
confined-flow  magnetic  focusing 
weighed  as  much  as  100  pounds. 
Size  and  weight  were  reduced  by 


use  of  convergent-flow  shielded 
guns  and  Brillouin-type  electron 
flow. 

These  improvements,  in  turn,  led 
to  development  of  a  periodic-per¬ 
manent-magnet  focusing  which  re¬ 
duced  package  weight  to  3i  pounds. 

Several  methods  have  also  been 
proposed  which  employ  a  small  mag¬ 
net  in  the  electron-gun  region  and 
electrostatic  focusing  of  the  beam. 
While  these  methods  reduce  weight 
of  the  tube,  alignment  within  the 
magnetic  field  is  still  necessary. 

At  the  bottom  of  Fig.  1,  the  fur¬ 
ther  reduction  in  size  and  weight 
resulting  from  development  of  the 
Estiatron  is  indicated. 

This  new  tube,  to  be  described, 
uses  electrostatic  focusing  rather 
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INPUT  COUPLER 


COLLECTOR  COOLING  FINS 


FIG.  2— Cutaway  tkatch  of  a  packagad  Ealiatron 


Traveling-Wave  Tube 


than  magnetic  and  requires  no  with  a  lossy  sleeve  to  provide  a 
magnet.  No  alignment  is  required,  nominal  cold  insertion  loss  of  50  db. 

R-f  input  and  output  are  achieved 
with  coupled  helices  external  to  the 
glass  envelope  which  give  a  good  Figure  2  is  a  cut-away  drawing 
match  over  an  octave  bandwidth,  of  the  packaged  tube  showing  de- 
The  attenuator  uses  a  coupled  helix  tails  of  its  assembly  and  construc¬ 
tion.  The  Pierce-type  convergent- 
flow  electron  gun,  which  has  an 
oxide  cathode  operated  at  60  ma/sq- 
cm,  launches  the  beam  into  the  bi- 
filar  helix. 

The  helix  is  supported  firmly 
/TuAXAXA XAX/Y^^  by  flutes  of  the  glass  envelope 

— 1  f  1 1  1 1  1 1  1 1  I  ll  I  I  If')  ^ -  shrunken  onto  each  turn  of  the 

W/A/ A/ A/ A/ A/ A/ A/ /  wires.  The  helix  serves  both  as  an 

vlAjLMLAjLAxAiAjLAl^  r-f  circuit  and  as  an  electrostatic 

focusing  structure.  The  collector  is 
a  hollow  cylinder,  cooled  by  radiator 
fins. 

Electrostatic-focusing  method  is 
shown  in  Fig.  3.  As  illustrated  in 
Fig.  3A,  one  wire  of  the  bifilar  helix 
is  at  a  high  voltage,  Vhi.  The  other 
is  at  a  low  voltage,  V,j,.  Average  of 
the  two  voltages  determines  the 
average  velocity  of  the  electrons. 
This  velocity  must  be  synchronous 
with  the  electromagnetic  wave  trav¬ 
eling  along  the  helices. 


Tube  Construction 


Additional  advantago  of  light  woight  i« 
shown  by  tubo 


The  electrostatic  field  between 
successive  turns  of  the  helix  exerts 
alternating  forces  on  an  electron,  as 
shown  in  Fig.  3B. 

For  this  reason,  an  electron  mov¬ 
ing  along  the  outer  edge  of  the 
beam  travels  slower  in  the  region 
of  the  focusing  field  of  the  low- 
voltage  helix  than  in  the  defocusing 
fields  of  the  high-voltage  helix.  As 
a  result,  the  beam  is  focused  a 
greater  percentage  of  the  time  than 
it  is  defocused.  An  iterated  lens 
effect  results  that  overcomes  the 


trajectory  of 

AN  ELECTRON^ 


FIG.  3— bifilar  holicat  far  •Uctraslatic 
focusing.  Kiblar  halix  structur*  (A)  and 
forcas  axartad  on  on  alactron  by  th« 
pariodic  •l•ctrostatic  flald  and  th«  tra- 
joctory  of  an  alactron  (B) 
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FIG.  4— B«am  intarcaption  os  a  function 
of  tho  ratio  of  voltogo  difforonco  to  ov- 
orogo  vohogo 


FIG.  5— Soturotod  gain  and  powor  out¬ 
put  at  a  function  of  froquoncy.  Voltagas 
hold  flxod  at  optimum  voluot  for  3  kmc 


defocuaing  forces  of  the  apace 
charge. 

Practical  performance  of  the  fo¬ 
cusing  system  is  shown  in  Fig.  4. 
It  shows  how  beam-current  inter¬ 
ception  depends  on  the  ratio  of  volt¬ 
age  difference  between  helices  to 
average  voltage.  Operating  mini¬ 
mum  interception  is  less  than  one 
percent  when  no  r-f  signal  is  ap¬ 
plied  to  the  tube.  Under  saturated 
r-f  conditions,  minimum  intercep¬ 
tion  is  only  li  percent. 

R-f  Performance 

The  electrostatic  field  which  fo¬ 
cuses  the  electron  beam  also  serves 
as  an  ion  trap  by  draining  the  ions 
out  of  the  beam  at  every  turn  of 
the  low-voltage  helix.  In  any  appli¬ 
cation  in  which  spurious  signals 
caused  by  ion  oscillation  are  a  prob¬ 
lem,  the  new  tube  can  be  used  to 
advantage.  Absence  of  ion  bombard¬ 


ment  prolongs  the  cathode  life. 

Typical  r-f  gain  and  power-out¬ 
put  performance  of  the  tube  in  con¬ 
stant-voltage  operation  are  shown 
in  Fig.  5.  The  voltages  are  fixed  at 
the  values  which  produce  maximum 
output  at  3,000  me.  The  c-w  power 
output  is  greater  than  eight  watts 
over  a  1,000-mc  bandwidth.  Sat¬ 
urated  gain  reaches  a  maximum  of 
25  db  and  has  a  half-power  band¬ 
width  of  1,000  me.  Low-level  gain 
is  always  greater  than  the  saturated 
gain  by  at  least  five  db. 

If  the  two  helix  voltages  are  set 
for  optimum  performance  at  some 
frequency  lower  than  3,000  me,  even 
higher  output  power  and  gain  are 
achieved.  Operation  of  the  tube 
does  not  require  closely  regulated 
power  supplies.  Voltages  can  vary 
by  several  percent  without  material 
effect  on  r-f  performance  and  with¬ 
out  causing  excessive  intercention. 

Input-output  characteristics  of 
the  tube  are  shown  in  Fig.  6.  The 
c-w  power  output  is  plotted  as  a 
function  of  power  input  for  three 
different  frequencies  keeping  volt¬ 
ages  fixed  at  each  frequency.  Low- 
level  amplification  is  linear.  At 
1,900  me,  for  example,  gain  is  con¬ 
stant  at  28  db  up  to  a  power  output 
of  13  w.  The  tube  then  saturates 
with  23  db  gain  at  a  power  output 
of  21  w. 

Over-all  efficiency  of  the  tube  de¬ 
pends  upon  the  voltage  on  the  col¬ 
lector.  As  the  collector  potential  is 
reduced  below  that  of  the  high- 
voltage  helix,  efficiency  rises  from 
11  to  15  percent  before  interception 
becomes  too  great.  Power  output 
remains  constant.  See  Fig.  7. 

Noise  figure  of  the  particular 
tube  described  here  is  about  25  to 
30  db.  This  is  approximately  the 
same  value  quoted  for  magnetically 
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FIG.  6— R-f  powar  output  at  a  function  of 
r-f  powar  input 
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FIG.  7— Curvat  thow  variation  of  efRciancy, 
with  colUctor  potantial 


RECEIVING  TRANSMITTING 

ANTENNA  ANTENNA 

FIG.  8— Airborn*  countarmoaturas  circuit 
it  a  typical  application  for  new  tuba 


focused  traveling-wave  tubes  of  the 
same  power  level.  Low-noise  tubes 
can  be  built  with  slight  modification 
of  the  present  design. 

Principle  of  the  tube  is  not  lim¬ 
ited  to  intermediate  power  levels. 
Conservative  extrapolation  of  the 
design  data  indicates  that  a  tube 
using  electrostatic  focusing  by  a 
bifilar  helix  can  deliver  more  than 
half  a  kw  of  power  at  S-band  at 
one-percent  duty  cycle.  The  design 
can  be  scaled  up  or  down  in  fre¬ 
quency.  The  tubes  can  be  used  to 
best  advantage  at  low  frequencies 
at  which  conventional  traveling- 
wave  tubes  are  long  and  the  re¬ 
quired  magnets  heavy. 

Applications 

6ecau.se  r-f  performance  of  the 
new  tube  is  equivalent  to  that  of  a 
conventional  traveling-wave  tube,  it 
can  be  used  in  any  application  re¬ 
quiring  high  gain  over  wide  band¬ 
width.  The  light  weight  and  free¬ 
dom  from  alignment  of  the  device, 
however,  makes  it  particularly 
suited  for  airborne  applications. 
The  block  diagiam  in  Fig.  8  shows 
an  application  in  a  countermeas¬ 
ures  circuit  designed  to  protect  an 
airplane  from  target-seeking  radar. 
The  enemy’s  radar  pulse  is  ampli¬ 
fied  and  retransmitted  after  some 
time  delay,  thereby  confusing  his 
range  determinations. 

Development  was  sponsored  in 
part  by  the  Air  Force  Cambridge 
Research  Center,  ARDC. 
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Liquid  Level  Detectors 

Four  methods  of  measuring  and  recording  discrete  and  continuous  liquid  level, 
as  in  flowmeter  calibration  and  other  phases  of  research,  are  tabulated 

By  THOMAS  L.  GREENWOOD, 

Instrument  Development  Section,  Test  Laboratory,  Army  Ballistic  Missile  Agency,  Huntsville,  Ala. 


Measurement  of  liquid  level  is  often  required 
in  research  and  development  problems.  These 
frequently  involve  the  calibration  of  turbine-type  flow¬ 
meters.  In  this  procedure,  a  known  quantity  of  liquid 
flowing  through  the  flowmeter  produces  a  known  num¬ 
ber  of  output  voltage  cycles  which  yields  the  flow¬ 
meter  constant  in  gallons/ cycle.  This  system  requires 
accurate  methods  of  discrete  level  measurement. 

For  other  applications,  continuous  indication  of 
liquid  level  may  be  desired.  Here  a  system  which  oper¬ 


ates  either  on  the  principle  of  electrolytic  conductiv¬ 
ity  or  capacitance  change  is  suitable.  Another  method 
uses  nuclear  radiation  absorption  as  a  means  of  de¬ 
tection.  The  latter  has  been  developed  for  use  with 
liquids  that  are  nonconductive  such  as  liquid  oxygen. 

All  the  methods  described  here  were  developed  by 
ABM  A  personnel  with  the  exception  of  the  capaci¬ 
tance-change  necked-tank  method.  Acknowledgement 
is  made  to  A.  E.  Schuler,  C.  McElroy,  E.  H.  Bohr, 
L.  Thompson  and  C.  Fulmer  for  their  contributions. 


Type  of  SyRtem 


Prinripal  of  Operation 


Uses  ihr  prinriple  of  elecfrolytic  con¬ 
ductivity.  In  general,  the  conductivity 
is  a  function  of  electrode  size  and  sliape 
and  proportional  to  the  area  of  surface 
contact  between  electrodes  and  liquid. 
A  small  dia  wire  (20  gage)  is  mounted 
in  a  pipe.  When  immersed  in  water, 
resistance  changes  from  several  meg¬ 
ohms  to  a  few  thousand  ohms.  If  multi¬ 
level  indication  is  desired,  electrodes 
can  be  installed  at  a  number  of  heights. 


I  Circuit  Features  |  Charaeteristies 

^  Total  resistance  ^  With  liquids  of  low 
change  in  electrode  conductivity,  sensi- 
circuit  should  cor-  i  tivity  sufficient  for 
respond  to  small  operation  at  resis- 
change  in  liquid  tivities  up  to  20 
'  level.  Capacitance  of  megohm — cm  can  be 
cable  and  electrode  obtained  with  proper 
dictates  use  of  60-  amplification, 
cps  a-c  voltage.  Up 
to  200  ft  of  cable 
may  be  used. 


Parallel  vertical  metal  rods  are  ar¬ 
ranged  to  vary  the  impedance  of  one  leg 
of  an  a-c  bridge  circuit.  Depth  of  im¬ 
mersion  of  the  rods  causes  a  propor¬ 
tional  unbalance  of  the  bridge  .-ind  the 
unbalance  current  is  used  to  drive  an 
oscillograph  recorder  or  galvanometer. 
The  bridge  circuit  is  balanced  when  the 
tank  is  empty  and  calibration  made 
with  static  water  levels. 


,\-c  bridge  supply 
should  be  used  to 
avoid  long  time  con¬ 
stants  associated 
with  d-c  supplies. 


Used  where  high  ac¬ 
curacy  is  not  re- 
I  q Hired,  ('.apacitive 
component  of  elcc- 
I  trode-liquid  imped¬ 
ance  causes  non¬ 
linear  input-output 
relationship.  Re¬ 
quires  frequent  cali¬ 
bration. 


Where  the  liquid  being  measured  is 
nonconductive,  such  as  liquid  oxygen, 
a  system  based  on  capacitance  change 
mav  be  used.  The  detector  is  a  capac¬ 
itance  electrode  placed  in  a  necked 
tank.  When  the  electrode  is  immersed 
in  the  liquid,  its  capacitance  to  ground 
increases,  and  the  vacuum-tube  oscillator 
ceases  oscillation.  Output  current  goes 
to  zero.  When  electrode  is  uncovered, 
oscillator  current  is  normal. 


Can  be  used  as  on- 
off  control  as  well 
as  limit-alarm. 


Flowmeter  calibra¬ 
tions  accurate  to  0.1 
percent  are  obtain¬ 
able  with  this  meth¬ 
od. 
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Uses  nuclear  radiation  absorption  for 
non-conducting  liquids.  Platform  shaped 
to  fit  contour  of  tank  carries  radium 
source  S  and  Geiger  tube.  Path  of 
gamma  radiation  is  across  chord  of 
tank.  Geiger  tube  output  is  train  of 
pulses  with  frequency  dependent  on 
gamma  energy.  Pulses  are  integrated 
and  compared  to  d-c  reference.  Servo 
motor  drives  platform  up  and  down  to 
reduce  error  to  zero. 


Reference  voltage  is 
adjusted  to  equal 
integrated  pulse  volt¬ 
age  in  center  of 
range.  Servo  keeps 
platform  at  liquid 
surface.  Multilurn 
potervtiotneteron 
platform  drive  gives 
remote  indication. 


.No  stuffing  1)0'.  or 
seal  required  in  tank 
wall,  so  method  ex¬ 
cels  for  high-pres¬ 
sure  service  or  in 
corrosive  fluid  meas¬ 
urements.  Accuracy 
of  system  is  uhoiit 
in. 
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FIG.  I— Block  diagram  (A)  of  boiic  phaaa-cantrol  systam.  Input-output  charocforittics  of 
photo  dotoctor  (B)  and  photo  thiftor  (C)  dotormino  tyttom  rotponto 

FIG.  2— Comploto  tyttom  For  photo  ttobiliiotion  of  uhf  omplifior 


Servo  Phase  Control 


USE  OF  PHASE-STABILIZED  r-f 
power  amplifiers  as  elements 
in  variable  directivity  antenna  ar¬ 
rays  has  been  restricted  until  re¬ 
cently  by  the  unavailability  of  exist¬ 
ing  phase-controlled  amplifiers  and 
the  lack  of  knowledge  that  prac¬ 
tical  methods  are  available  for  ob¬ 
taining  such  control.  In  this  article, 
a  phase-controlled  uhf  amplifier  de¬ 
veloped  as  a  unit  of  a  steerable  an¬ 
tenna  system  is  described  in  detail. 

This  particular  .system  operates 
over  a  wide  band  of  frequencies  in 
the  uhf  band,  has  a  stabilization 
time  of  only  a  few  microseconds, 
and  controls  the  angular  phase  er¬ 


ror  between  input  and  output  to 
less  than  ±2  deg.  Control  is  main¬ 
tained  for  any  |  condition  of  load 
mismatch,  load  change,  change  in 
frequency,  power  output  variation 
or  amplifier  detuning. 

A  phase-stabilized  amplifier  is 
one  in  which  the  phase  of  the  out¬ 
put  signal  measured  at  any  selected 
point  in  the  output  transmission 
line  is  compared  to  the  phase  of  an 
input  reference  signal  and  is  held 
in  some  controlled  relationship  with 
respect  to  this  reference  signal  re¬ 
gardless  of  frequency  or  load 
changes.  In  the  usual  case  of  an 
uncontrolled  amplifier,  the  output 


signal  phase  is  completely  unrelated 
to  the  input.  Furthermore,  it  is  a 
variable  between  presumably  iden¬ 
tical  amplifiers,  no  two  having  the 
same  amount  of  phase  shift. 

Basic  System 

The  basic  system  for  obtaining 
phase  control  is  shown  in  Fig.  lA. 
The  output  signal  is  sampled  at  any 
chosen  point  and  the  sampled  signal 
is  compared  in  phase  with  the  input 
reference  signal  in  a  phase-sensi¬ 
tive  detector.  This  device  charac¬ 
teristically  has  an  output  which  is 
a  polarized  d-c  signal  varying  co- 
sinusoidally  as  the  relative  phase 
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FIG.  3— Schomotic  diagram  of  tho  phato-«hifting  circuit  utod  in  tho  phofo-ttabiliiod  syttom.  Error  signal  from  tho  phaso  dotoctor  (not 
through  rooctanco  tubos  Vi  and  Va.  Output  of  fixod-tunod  itagot  Va  through  Vt  i*  (hiftod  os  a  function  of  tho  d-<  orror  signal 
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Phase-stabilized  uhf  amplifier  is  used  to  control  directivity  of  a  multielement 
stationary  array.  Phase  of  the  amplifier  output  is  compared  with  input  refer¬ 
ence  signal  in  phase-sensitive  detector.  System  keeps  input-output  error  less 
than  2  degrees 


By  ELLIOTT  W.  MARKOW,  Raytheon  Manufacturing  Co.,  Wayland  L.aboratory,  Wayland,  Maes. 


Shapes  Antenna  Pattern 


angle  between  the  two  inputs 
changes.  This  output  is  called  the 
error  signal  and,  since  it  is  a  meas¬ 
ure  of  phase  difference  both  in  am¬ 
plitude  and  sense,  can  be  used  in  a 
closed  feedback  loop  cascaded  with 
an  r-f  phase  shifter  to  maintain  a 
nearly  zero  error  signal.  The  phase 
shifter  must  perform  in  this  system 
at  radio  frequency  and  must  be 
capable  of  providing  at  least  ±180 
deg  of  phase  shift  as  a  function  of 
input  error  signal  <.  The  design  of 
a  phase  shifter  meeting  these  re¬ 
quirements  is  described  later.  Typ¬ 
ical  input-output  characteristics  for 
the  phase-sensitive  detector  and 


35-MC 

TUNED  AMPL 


shown)  controls  froquoncy  of  oscillator  V| 


phase  shifter  are  shown  in  Fig.  IB 
and  1C. 

Since  the  phase-sensitive  detector 
is  the  actual  point  of  phase  com¬ 
parison,  point  A  in  Fig.  1  is  the 
input  reference  signal  (0°  phase) 
regardless  of  the  cable  lengths  pre¬ 
ceding  point  A.  Similarly,  C  is  the 
reference  point  in  the  output  and 
not  B.  The  cable  length  shown  as 
cable  M  in  Fig.  1  contributes  to 
phase  shift  between  points  A  and  B 
and  must  be  taken  into  account  if 
absolute  phase  angle  control  is  re¬ 
quired.  Generally,  only  phase  sta¬ 
bilization  is  required  in  which  case 
in  a  multiamplifier  system  the  only 
requirement  is  that  cable  M  be 
identical  for  each  amplifier. 

Also,  in  a  high-frequency  r-f  sys¬ 
tem  with  a  variable  or  unmatched 
load  it  is  necessary  to  restrict  phase 
control  to  either  voltage  or  current 
control  since  the  two  may  not  be  in 
phase  if  standing  waves  occur  on 
the  transmission  line.  The  nature 
of  the  sampler  determines  which  is 
to  be  controlled;  an  inductive  loop 
for  current  .sampling,  or  a  capaci¬ 
tive  probe  for  voltage  sampling. 

Output  Phase 

The  defining  equation  for  output 
signal  phase  angle,  assuming  refer¬ 
ence  as  0  deg  at  point  A,  is  <^  = 
[<^r/a  +  K)]  -  [K,i>^/(1  +  K)] 
where  4>t  is  the  open-loop  accumu¬ 
lated  phase  shift  in  the  system,  K 


is  the  loop  gain,  and  is  the  phase 
shift  in  cable  M.  If  K  is  made  large, 
+  (4>t/K) ;  thus  the  pha^e 
shift  in  cable  M  is  unaltered  but 
system  phase  shift  accumulation  is 
reduced  by  the  factor  K.  The  angle 
4>t  can  never  be  greater  than  ±180 
deg;  thus  a  system  loop  gain  of 
only  18  would  stabilize  output  phase 
to  within  ±10  deg.  It  is  entirely 
practical  to  obtain  stable  loop  gains 
of  over  200,  thus  phase  stabilization 
to  within  ±1  deg  can  be  easily  ob¬ 
tained.  Since  the  system  is  com¬ 
pletely  electronic,  it  can  be  made  to 
function  extremely  rapidly,  limited 
only  by  tube  and  circuit  capac¬ 
itances  and  impedance  levels.  Sta¬ 
bilization  time  of  a  few  microsec¬ 
onds  is  possible. 

The  simple  system  of  Fig.  lA  is 
entirely  adequate  for  a  system  op¬ 
erating  at  a  single  frequency  in  the 
h-f  region  or  lower,  but  for  opera¬ 
tion  over  a  wide  range  of  frequen¬ 
cies  extending  up  to  and  above  uhf 
region  a  more  sophisticated  and 
complete  approach  is  required.  By 
adding  mixing  stages  and  a  local 
oscillator  as  shown  in  Fig.  2  the 
basic  system  can  be  extended  to 
meet  the  more  complete  require¬ 
ments  of  variable  high-frequency 
operation  thus  providing  a  flexible 
system  without  modification  of  the 
fundamental  principles.  Figure  2 
is  the  block  diagram  of  a  system 
developed  for  operation  with  a  uhf 
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power  amplifier  operatinsr  up  to 
400  me.  Circuit  descriptions  fol¬ 
lowing  will  be  in  terms  of  this  par¬ 
ticular  system.  However,  there  is 
no  reason  why  the  same  concepts 
cannot  be  extended  to  higher  oper¬ 
ating  frequencies. 

Mixers 

Mixers  1  and  2  mix  the  r-f  signal 
with  a  local  oscillator  signal  to  ob¬ 
tain  a  fixed  relatively  low-frequency 
output,  chosen  in  this  case  to  be 
20  me  for  convenience.  The  output 
of  the  phase  shifter,  also  at  20  me, 
is  mixed  in  mixer  3  with  the  same 
local  oscillator  signal  to  recover  the 
uhf  frequency.  The  relative  phases 
of  the  20-mc  signals  at  points  A’ 
and  B'  are  the  same  as  that  of  the 
uhf  signals  at  points  A  and  B  be¬ 
cause  of  a  fundamental  mixer  prop¬ 
erty  that  phase  angle  relationships 
between  the  two  input  signals  are 
preserved  and  transferred  to  the 
output  sum  or  difference  signal. 
For  example,  if  the  input  signals 
to  mixer  1  are  so  related  as  to  pro¬ 
duce  a  20-mc  output  signal  of  a 
certain  phase,  a  change  of  phase  of 
either  input  signal  by  30  deg  will 
produce  a  30-deg  change  in  relative 
phase  of  the  20-mc  output  signal. 

A  change  in  phase  angle  of  the 
20-mc  input  to  mixer  3  also  results 
in  an  identical  phase  angle  change 
in  the  uhf  output  signal.  Except 
for  the  advantage  of  performing 
pha.se  shift  and  detection  operations 
at  the  fixed  comfortable  frequency 
of  20  me,  this  system  is  identical 
in  principle  with  that  of  Fig.  lA. 

Phase  Shifter 

The  phase  shifter  obtains  its  in¬ 
put  from  the  20-mc  amplifier  fol¬ 
lowing  mixer  1  which  is  always  at 
reference  phase  of  0  deg.  The  out¬ 
put  is  the  same  20-mc  signal  phase 
shifted  by  an  amount  and  direction 
determined  by  the  error  signal  from 
the  phase-sensitive  detector.  Since 
the  phase  shifter  can  provide  a 
full  ±180  deg  of  correction  there 
is  no  limit  to  the  available  system 
error  which  can  be  removed.  The 
phase  shifter  shown  in  the  sche¬ 
matic  of  Fig.  3  amply  meets  the  re¬ 
quirements  for  phase  shift  range 
over  ±180  deg  and  high  sensitivity. 

The  d-c  error  signal  from  the 
phase  detector  varies  the  frequency 
of  36-mc  oscillator  F,  by  use  of  re- 


FIG.  4— Systam  ratponsa  to  a  ttap-fwnc- 
Hen  chonga  in  phota  engla;  (A)  it  clotad- 
leop,  (B)  opan-loop  raiponta 


actance  tubes  V,  and  V,  to  give  35 
±  Af  me.  A  20-mc  reference  signal 
of  phase  0  deg  which  is  derived 
from  the  20-mc  amplifier  is  ampli¬ 
fied  and  used  to  drive  the  mixer  F,. 
The  (35  ±  A/) -me  signal  is  also  ap¬ 
plied  to  the  fixed-tuned  stages  F, 
through  Fj,  each  of  which  consists 
of  a  high-Q  single-tuned  circuit 
sharply  tuned  to  35  me. 

Any  deviation  from  35  me  results 
in  phase  shift  of  the  output  of  each 
of  the  four  tubes  with  respect  to 
the  input  signal  because  of  the  fun¬ 
damental  phase  shift  properties  of 
a  tuned  circuit.  The  total  phase 
shift  is  four  times  that  obtained  in 
one  stage  and  is  a  function  of  A/ 
which  is  controlled  by  the  d-c  error 
signal  input.  The  output  of  the 
tuned  stages  with  phase  shift  is 
mixed  in  mixer  F„  with  the  55-mc 
output  of  F,.  The  output  of  F„  is 
then  the  original  20-mc  signal  plus 
the  phase  shift  which  occurs  in 
the  35-mc  channel. 

In  this  system,  the  gain  product 
is  equal  to  approximately  100  with 
consequent  phase  error  never  ex¬ 
ceeding  1.8  deg  under  any  condi¬ 
tions  of  load  or  tuning,  and  is  in¬ 
dependent  of  operating  frequency. 

Response 

By  suitable  choice  of  system  time 
constants,  the  speed  of  control  of 
the  system  is  roughly  25  /isec  and 
could  be  shortened  more  if  neces¬ 
sary.  To  illustrate  transient  per¬ 


formance,  Fig.  4  shows  typical 
error  signal  in  response  to  a  step 
function  change  in  system  phase 
angle. 

This  amplifier  was  developed  for 
use  in  a  multielement  steerable  an¬ 
tenna  in  which  each  element  of  the 
antenna  is  driven  by  a  separate 
phase-stabilized  amplifier.  The  di¬ 
rectivity  of  the  antenna  array  is 
varied  by  the  equivalent  of  varying 
the  phase  of  the  drive  signals  to 
each  of  the  amplifiers,  thus  chang¬ 
ing  the  relative  phase  relationships 
between  the  individual  elements  of 
the  antenna  array. 

The  same  principle  can  be  used 
for  antenna  scanning.  If  the  error 
signal  produced  by  the  phase-sensi¬ 
tive  detector  is  modulated,  the 
phase  of  the  output  signal  of  the 
amplifier  is  similarly  phase  modu¬ 
lated.  If  two  or  more  antenna 
elements  are  driven  with  phase- 
stabilized  amplifiers  which  are  also 
suitably  phase  modulated,  a  scanned 
array  results.  Scanning  at  almost 
any  desired  rate  over  any  angle  up 
to  a  full  360-deg  azimuth  can  be 
achieved.  The  possible  applications 
to  radar  and  aircraft  control  sys¬ 
tems  are  obvious. 

Receiving 

Although  it  does  not  require  a 
stabilized  amplifier,  it  is  interest¬ 
ing  to  note  that  since  antennas  are 
bilateral  devices  the  directivity  of 
an  antenna  array  used  for  receiving 
purposes  can  be  changed  in  a 
similar  way  as  for  a  transmitting 
antenna.  In  this  case  assuming  that 
each  antenna  eventually  feeds  an 
associated  mixer  stage,  the  direc¬ 
tivity  is  determined  by  the  relative 
phasing  of  the  local  oscillator  sig¬ 
nals  to  the  mixers.  These  signals 
all  stem  from  a  single  local  oscil¬ 
lator  and  are  controlled  in  relative 
phase  by  phase  shifters  similar  to 
that  described  above.  Proper  con¬ 
trol  of  relative  phase  results  in 
change  in  antenna  array  directivity 
if  the  outputs  of  the  mixers  from 
each  element  of  the  array  are 
summed  since  only  the  in-phase  sig¬ 
nal  components  add. 

This  project  was  performed  un¬ 
der  Contract  No.  AF19 (604) -2167 
for  the  Electronics  Research  Di¬ 
rectorate,  Air  Force  Cambridge  Re¬ 
search  Center,  Air  Research  and 
Development  Command. 


52 


CIRCLE  28  READERS  SERVICE  CARD 


KL-A  VERSATILE,  RELIABLE,  LOW  COST  P&B  RELAY 

for  communications  and  automation 


KR  Sf  RIES:  SMAU,  5  AMP  RELAY 

Ii»g0«dly  cof«hiict*d  for  long  lifs  ond  dspand- 
obtlity.  Availobts  up  to  3  pdt. 


KCP  SERIES:  SENSITIVE  9  PDT  RELAY 

For  plot*  circuit  opplicottom  roquiring  low 
co»t,  t*ntitiv*  rokiy.  PoiydhyUno  dust  cov*r. 


KT  SERIES:  ANTENNA  RELAY 
Insulatod  to  aioiaifo  ftf  lostts.  Oosignod  to 
twitch  500  watts  IF  .mpvt  to  300  otwn  liM. 


KA  SERIiSi  GENERAL  PURPOSE 

Coapoct,  light-doty  r*loy.  U/L  opprovod. 
Mods  1500  voht  rtm  broohdowo  foguiroawit. 


W)  psnnnsEi  BistiDiMiPDiiiUfi)  DKie 

PItINCITON,  INDIANA  •  SUBSIDIARY  OP  AMSRICAN  MACHINB  A  POUNDRV  COMPANY 


EOO  N  O  M  Y and  versatility  distinguish  our  XL 
series  relays.  Contact  arrangements  are  available 
up  to  4  pdt  in  either  AC  or  DC  versions.  Sensitivity 
of  100  milliwatts  per  movable  arm  is  available. 

Stationary  contacts  and  terminals  are  mounted 
on  a  phenolic  front  of  high  dielectric  strength,  thus 
adding  to  the  utility  of  the  relay.  Conveniently 
located  terminals  and  easy-to-mount  base  greatly 
simplify  installation  on  long  production  runs. 

KL  relays  may  be  hermetically  sealed  or  fur¬ 
nished  in  metal  dust  covers. 

This  is  one  of  a  "family”  of  fine  P&B  relays. 
Others,  with  similar  configurations  but  various 
electrical  and  switching  capacities,  are  shown  below. 
Write  or  call  for  more  information  or  see  the  com¬ 
plete  P&B  catalog  in  Sweet’s  Product  Design  File. 


PAI  STANDAtD  IILAYS  All  AVAILAIU  AT  YOUl  LOCAL  ILICTIONIC  lAITS  MSTIItUTOt 


GENERAL:  Braakdowii  Vpltagp:  500  voH  ris*,  60  cycis  b*hiv*s«i 
all  dsfusnlt  stondard  4  pols  rdoy^  1 500  uolH  rmt,  60  cyd* 
on  »psciol  3  pdt  rsloy. 

Tomporotafp  Rongo:  — 45*C  to  +t5*C. 

PpII'Iii!  Approx.  75%  of  noisinol  dc  voltog*. 

Approx.  76%  of  nominal  oc  Yoltogs. 

ToftninaU:  Pisrcsd  loldsr  lugt  for  two  |20  AWG  wlrot. 
Enclataroti  Mstol  con  2M|*  Mgh  x  2%*  long  x  2*^*  wido 
with  octal  plug  or  muHipIs  »oidsr  hsodsr. 


KL  ENGINEERING  DATA 


CONTACTS:  Arrongomonts:  up  to  4  pdt. 

Malarial:  dia.  gold'flaihad  iRvar.  (OtHort  ovallobla4 

Load:  5  ompt  0  115  voHs,  60  cyds  rathtlYa  load*. 


COILS:  Roftlfttancai  60,500  ohmt  mox. 

Eawort  1 00  mttliwotts  par  moYobla  orm. 

Doty:  Centinvoutj  coUt  wW  wMictond  6  watt*  0  25*C* 
Valtagati  up  to  110  voH*  dc. 

up  to  230  voH*  oc. 
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FIG.  1 — Signal  output  of  paths  A  and  I  FIG.  2 — CapcKitor  C  of  transistor  circuit  to 

must  be  equalised  within  0.1  db  in  meos-  be  meosured  must  be  increased  in  valve  for 

uring  technique  described  in  text  frequencies  below  1  me 


Measuring  Transistor  /  «co 

Aipha-cutofF  frequency  of  high-frequency  transistors  is  measured  with  accu¬ 
racy  exceeding  ±  3  percent  up  to  30  me  and  =*=  5  percent  up  to  1 00  me.  Method 
can  be  adapted  for  production  testing  by  ganging  oscillator  and  receiver 


OUANTITY  PRODUCTION  of 
junction  transistors  whose 
alpha-cutoff  frequencies  are  in 
range  5  to  30  me  or  higher  is 
now  a  reality.  But  the  upper 
frequency  limit  of  currently 
available  high-gain  wide-band 
amplifiers  requires  a  fresh  ap¬ 
proach  to  measuring  alpha-cutoff 
frequency 

The  method  to  be  described 
compares  the  transistor  with  a 
short  circuit.  At  the  alpha-cut- 
off  frequency,  the  gain  through 
the  transistor  path  A  in  Fig.  1 
equals  the  gain  through  path  B. 

Circuit 

Constant  current  passes 
through  the  10,000-ohm  emitter 
feed  resistor  R,  of  the  circuit 
shown  in  Fig.  2.  Variations  in 
the  input  resistance  of  the  tran¬ 
sistor  should  not  affect  the  input 
current  by  more  than  one  per¬ 
cent.  The  output  circuit  is  a 
virtual  short  circuit  compared 
with  the  output  resistance  up 
to  at  least  50  me.  Capacitors 
of  0.01  /if  show  no  resonance  ef¬ 
fects  up  to  100  me. 

A  duplicate  circuit  with  the 
emitter  -  collector  connections 
short  circuited  is  in  the  other 
path.  The  signal  generator  sup¬ 
plies  a  modulated  0.6-v  rms  for 


normal  low-power  h-f  transistors. 
Ability  to  switch  off  age  improves 
overall  accuracy  when  compar¬ 
ing  paths. 

Operation 

The  transistor  whose  is  to 
be  measured  is  connected  in  path 
A  and  its  operating  point  is  set. 
Signal  generator  and  receiver 
are  tuned  to  a  frequency  one 
twentieth  of  the  minimum  esti¬ 
mated  where  the  current 
gain  may  be  assumed  to  have  its 
maximum  low-frequency  value. 
Balance  attenuator  in  path  B  is 
adjusted  so  that  the  output  sig¬ 
nal  is  the  same  for  each  path 
within  0.1  db.  Neither  transistor 
nor  receiver  must  be  overloaded. 

The  step  attenuator  is  set 
from  O-to-3  db  and  the  frequency 
where  the  outputs  from  each 
path  are  identical  is  found.  Ini¬ 
tially  the  procedure  is  repeated 
with  the  oscillator  level  halved. 
If  the  same  value  for  is 
found,  the  input  signal  may  be 
considered  small  and  the  tran¬ 
sistor  considered  to  be  operating 
linearly. 

For  maximum  accuracy,  the 
transistor,  short  circuit  and 
attenuators  should  then  be  inter¬ 
changed,  the  process  repeated 
and  resultant  mean  taken  as 


In  production  testing  the  os¬ 
cillator  and  receiver  can  be 
ganged,  fitted  with  click  stop 
mechanisms  or  a  switched  crys¬ 
tal-controlled  oscillator  can  be 
used  with  the  same  number  of 
receivers  or  a  special  receiver 
with  switched  crystal-controlled 
local  oscillator. 

Calibration  and  Accuracy 

Differences  in  the  two  paths 
and  ability  to  set  the  indicating 
meter  to  the  same  reading  for 
each  path  affect  accuracy.  Path 
differences  are  compensated  for 
by  short  circuiting  the  transistor 
connections  for  both  paths.  After 
an  initial  balance  setting  at  a 
low  frequency  by  the  balance- 
attenuator,  the  frequency  can  be 
increased  to  the  required  max¬ 
imum  and  the  differences  noted. 
A  correction  graph  is  drawn  and 
a  level  response  held  when  test¬ 
ing  transistors  by  inserting  cor¬ 
rections  at  proper  frequencies 
with  a  0.1-db  step  attenuator. 

By  replacing  the  transistor 
circuits  with  transistor  ampli¬ 
fiers,  insertion  gain  measure¬ 
ments  over  a  wide  frequency 
range  can  be  arranged.  Power 
gain  measurements  can  be  made 
with  allowances  for  transistor 
impedance  changes. 
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magneYic 

TAPE 

APPLICATIONS 


CORPORATION 


When  to  use  magnetic  tape  in  automatic  control 


AMPKX  INSTRUMBNTATION  DIVISION  •  860  CHARTER  STREET  •  REDWOOD  CITY.  CALIFORNIA 

phone  your  Ampei  data  specialist  for  personal  attention  to  your  recordinf  needs.  Offices  serve  U.  S.  A.  and  Canada.  Cnfineering  representativti  cover  the  free  world. 
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RESEARCH  AND  DEVELOPMENT 


Magnetic  Demodulators  for  Color  Tv 

■y  MICHAEL  COOfEIMAN,  RCA  Victor  Television  Div.,  Radio  Corporation  of  America,  Camden,  N.  J. 


Composite  color  tv  signals  contain 
two  components  carrying  color  in¬ 
formation,  in  addition  to  the 
brightness-variation  signal  of  mon¬ 
ochrome  tv.  These  are  the  in-pha.se 
(/)  and  quadrature  (Q)  compo¬ 
nents,  which  amplitude-modulate 
3.58-mc  subcarriers. 

In  the  receiver,  these  components 
are  separated  by  a  phase-sensitive 
demodulator.  To  do  this,  the  color 
signal  is  mixed  with  a  3.58-mc  ref¬ 
erence  subcarrier  in  a  nonlinear  de¬ 
vice.  The  /,  Q  and  brightness  com¬ 
ponents  are  then  matrixed  (recom¬ 
bined)  to  recover  red,  green  and 
blue  signals. 

Present  color  receivers  use  vac¬ 
uum  tubes  in  color  demodulators. 
These  demodulators  and  their  as¬ 
sociated  matrix  circuits  are  some¬ 
what  complex  and  subject  to  varia¬ 
tions  caused  by  tube  and  component 
aging. 

A  magnetic  demodulator  could 
improve  performance  of  color  tv. 
Their  most  serious  present  limita¬ 
tion  is  inefficiency.  Output  is  too 
low  to  make  their  application  to 
color  receivers  practical  at  this 
time.  However,  better  magnetic 
materials  and  an  improved  method 
of  performing  a  necessary  integra¬ 
tion  to  the  output  would  improve 
efficiency. 

The  basic  circuit  is  shown  in 
COLOR 


INPUT  SIG 


OUTPUT 

FIG.  1— Bomc  mognatic  damodulotor  hat 
input  winding  with  color  infermotion, 
roforonco  winding  and  output  winding  that 
tuppliot  damodulotod  I  or  O  information 


Fig.  1.  Mixing  takes  place  in  the 
ferromagnetic  toroid,  whose  actual 
and  idealized  hysteresis  loops  are 
shown  in  Fig.  2.  A  graphical  analy¬ 
sis  of  the  basic  operation  is  shown 
in  Fig.  3.  The  idealized  hysteresis 
loop  of  Fig.  2  is  used  in  Fig.  3A. 

Figure  3B  shows  the  ampere 
turns  of  the  I  and  Q  subcarriers 
and  reference  signal  plotted  as 
functions  of  time.  Relative  ampli¬ 
tudes  are  exaggerated.  Actually, 
amplitude  ratio  of  reference  signal 
to  /  or  Q  component  is  made  at  least 
10:1  to  reduce  distortion. 


FIG.  3 — Curvot  thow  actual  and  idaalizad 
hydaraiit  curvat  for  magnafic  motarial 
utad  in  damodulator 


Reference  frequency  is  made  one- 
half  subcarrier  frequency,  although 
other  ratios  can  be  used.  Also,  sinu¬ 
soidal  current  waveforms  have  been 
assumed  for  the  reference  and  color 
signals.  This  is  not  a  necessary 
condition  of  operation  but  is  chosen 
to  simplify  analysis. 

Total  ampere  turns  acting  on  the 
core  is  the  sum  of  the  ampere  turns 
of  each  signal.  Since  the  ampere 
turns  are  produced  by  a-c  currents, 
the  hysteresis  loop  is  traversed  in  a 
.sequence  indicated  by  the  arrows. 

Flux  produced  by  each  signal  is 
shown  in  Fig.  3C.  Average  flux 
produced  by  the  reference  signal  is 
zero,  since  areas  during  positive 
and  negative  cycles  are  equal. 

Flux  contributions  from  the  I  or 
Q  signal  can  only  come  during  the 
time  interval  AT.  At  any  other 
time,  maximum  flux  is  already  es¬ 
tablished  by  the  reference  signal. 


FIG.  3— Graphical  analytii  thaws  that  only 
I  componant  can  ba  producad  bocaut* 
rafaranc*  signal  saturcrtas  cora  axcapi 
during  tima  At 

which  saturates  the  core. 

Average  flux  produced  by  the  Q 
component  is  also  zero.  Only  the 
flux  produced  by  the  I  component 
has  an  average  value  other  than 
zero.  Consequently,  if  the  subcar¬ 
riers  are  amplitude-modulated,  the 
average  flux  would  follow  the  en¬ 
velope  of  the  I  component. 

Efficiency 

The  demodulated  information  is 
available  in  the  form  of  a  flux  con¬ 
taining  either  I  or  Q  information. 
To  be  useful,  it  must  be  in  the  form 
of  a  voltage.  The  voltage  induced 
in  the  output  winding,  N,  in  Fig.  1, 
by  the  demodulated  component  of 
flux,  4>d,  is 


Voltage  output  is  therefore  the 
time  derivative  of  the  desired  volt¬ 
age  and  must  be  integrated.  An  in¬ 
tegrator  is  formed  by  the  r-c  net¬ 
work  of  Fig.  1.  As  a  result  of  the 
integration,  output  drops  40  db, 
reducing  efficiency.  Integrator  out¬ 
put  is  pai'sed  through  a  low-pass 
filter  that  cuts  off  at  1.5  me. 

To  obtain  red,  green  and  blue 
color  signals,  two  demodulators  are 
used — one  for  the  /  and  the  other 
for  the  Q  information.  The  I  and 
Q  information  is  then  matrixed  to 
form  the  three  color  signals. 

The  demodulators  in  the  matrix- 
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COLLINS  LOG  PERIODIC  ANTENNAS 


A  radically  new  approach  to  broadband  antenna  design 
based  on  the  principle  of  Logarithmic  Periodicity  has 
resulted  in  antennas  with  radiation  patterns  and  im¬ 
pedance  characteristics  essentially  independent  of  fre¬ 
quency.  One  Logarithmically  Periodic  Antenna  can 
perform  the  functions  previously  requiring  a  large  num¬ 
ber  of  antennas,  covering  bandwidths  as  high  as  10-to-l, 
with  100-to-l  within  the  realm  of  practicality. 

The  Logarithmic  Periodic  concept  is  based  on  a  struc¬ 
tural  geometry  in  which  the  electrical  characteristics 
repeat  periodically  as  the  log  of  the  frequency.  Since 
only  minor  changes  occur  over  each  period,  and 
therefore  all  periods,  the  characteristics  are  essentially 
constant  over  the  whole  frequency  range. 


Typical  is  the  rotatable  Collins  237 A  (above),  available 
for  6.5-60  me,  1 1.1-60  me  or  19.0-60  me.  The  elements 
form  trapezoidal  teeth  in  two  planes  of  equilateral  tri¬ 
angles.  Radiation  is  unidirectional  with  horizontal 
polarization,  providing  a  free  space  gain  of  8  db  over  an 
isotropic  antenna.  The  VSWR  is  less  than  2:1,  and  the 
peak  power  capacity  is  50  kw. 

The  principle  may  be  used  in  omnidirectional  antennas 
and  in  fixed  antennas  in  which  the  vertical  plane  pattern 
is  also  frequency  independent.  Some  other  applications 
include  electronic  countermeasures  and  use  as  primary 
feeds  for  reflector  and  lens  type  antennas.  Your  Collins 
representative  can  provide  details  on  these  and  other 
applications  of  this  advanced  antenna. 


COLLINS  RADIO  COMPANY  •  DALLAS  •  CBDAR  RAPIDS  •  BURBANK 


t. 
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ing  circuit  in  Fig.  4  each  have  a 
control,  an  input  and  three  output 
windings.  Both  input  windings  are 
driven  from  the  same  color  source, 
while  the  two  control  windings  are 
driven  from  reference  sources  of 
different  phase.  This  difference  in 
phase  is  adjusted  so  that  one  core 
demodulates  /  and  the  other  Q  in¬ 
formation.  By  properly  fixing  the 
ratio  and  phasing  of  the  output 
windings,  the  three  color  signals 
are  obtained. 


for  tab,  production  test, 

I  test  maintenance,  or  as  a 
component  or  subsystem 
in  your  own  products 


GREEN 

INFO 


COLOR 

SIG 


FIG.  4— Complal*  tyslvm  shows  cero  out¬ 
puts  intogrotod  and  filtorod  to  produco 
rod,  groon  and  bluo  information 


Experiments  and  calculations 
have  established  that  it  is  possible 
to  use  nonlinear  magnetic  materials 
as  color  demodulators.  Since  mag¬ 
netic  materials  do  not  age,  a  mag¬ 
netic  demodulator  can  be  expected 
to  offer  improved  performance  and 
reliability  to  color  tv. 


3  new  Sorensen  transistorized 
d-c  suppiies  can  soive  your  iab, 
production  and  design  probiems 


In  the  Sorensen  "Q”  Series,  you  can 
select  from  the  most  complete  line  of 
fully  transistorized,  highly  regulated 
low-voltage  d-c  supplies  on  the  market: 
QR-Nobatrons,  (shown  above,  left)  with 
output  continuously  adjustable  down  to 
zero  volts,  are  ideal  for  labs  or  wherever 
maximum  flexibility  is  required.  Two 
models,  QR36-4A  and  QR75-2,  put  out 
respectively  0-36V  at  up  to  4  amps  and 
0-75V  at  2  amps.  Regulation  of  QR36- 
4A  is  ±0.025%  or  4  MV  for  combined 
line  and  load  variations.  Input:  llSvac 
50-400  cps  available  for  either  bench 
or  rack-panel  (5%*  x  19")  use. 

Q-Nobatrons*,  with  2:1  adjustable  out¬ 
put,  can  render  outstanding  service  in 
semi-permanent  lab  set-ups,  in  produc¬ 
tion  test,  or  integrated  into  your  own 
product.  Available  in  15  models  up  to 


200  watts  capacity  with  6,  12  or  28 
volts  out.  Specs  and  packaging  are  simi¬ 
lar  to  QR  models  above.  Models  for 
±0.25%  or  ±0.05%  regulation  are 
available.  Lower  wattages  are  available 
two  to  a  single  rack  panel  (3%"  or 
5%*xl9"). 

QM-Series,  solder-into-the-circuit  sup¬ 
plies  (shown  above,  right)  mount  like  a 
potted  transformer  or  choke  and  come 
in  36  variations:  nine  voltages  from  3.0 
to  36vdc,  regulated  ±0.05%;  and  four 
wattages,  2,  4,  8  and  15.  Input  50/60 
and  400  cps  at  115vac.  (Incidentally, 
Sorensen  also  offers  similarly  packaged 
DC-to-DC  and  DC-to-AC  converters.) 

Ask  us,  or  your  nearest  Sorensen  rep¬ 
resentative,  for  the  complete  story  on 
these  precision  transistorized  regulated 
d-c  supplies.  b.42 


Wien  Bridge  Forms 
Reiection  Filter 

By  J.  K.  GOODWIN 

N.  LouRhliiirouKh.  I..ek'8,  Knxland 

Wien  bridges,  often  used  as  fre¬ 
quency-determining  networks  in 
high-stability  oscillators,  can  be 
adapted  for  use  as  rejection  filters. 
At  low  frequencies,  the  physical 
size  of  L-C  filters  makes  their  use 
troublesome.  In  addition,  the  Wien 
bridge  filter  provides  very  high  re¬ 
jection. 

The  circuit  .shown  in  Fig.  1  is  in 
balance  at  some  frequency,  <u,  when 
V,  =  0  and  =  R,/Zy.  Assum¬ 
ing  R,  =  R,  and  C,  =  C„  admittance 
of  branch  2  at  resonance  is  Y,  = 
(1/i?,)  4-  jVuC,. 

Since  R^  =  X/ijatCt),  Y,  =  l/R-i 
—  l/jRi  =  (1  —  j)/Rt.  Impedance 
Z,  =  R,  (1  -  i)  =  (R,  -f  jR,)/2. 
It  may  also  be  shown  that  the  im- 


Rlchards  Avanua,  South  Norwalk,  Connactleut 


WIDEST  LINE  OF  CONTROLLED-POWER 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 


IN  EUROPE,  contact  Sorontan-Ardag,  Zurich,  Switzerland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA,  Bayly  Engineering,  Ltd.  IN  MEXICO,  Electro  Labs.  S.  A.,  Mexico  City. 
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for  lab,  production  taat, 
test  maintenance,  or  as  a 
i  component  or  subsystem 
in  your  own  products 


New  tubeless  O.lx  a-c  line  regula¬ 
tors  give  up  to  Skva  out  High  output 

and  fast  response  result  from  a  unique 
combination  of  semi-conductor  and 
magnetic  amplifier  principles  in  the 
new  Sorensen  Model  R3010  and  R5010 
a-c  line  regulators.  Model  R5010  (left) 
puts  out  up  to  Skva  and  Model  R3010, 
3kva.  Provision  for  remote  sensing  al¬ 
lows  you  to  hold  regulation  accuracy  at 
the  load  despite  length  of  output  leads, 
and,  with  an  external  transformer, 
permits  regulation  of  any  a-c  voltage. 


OUTPUT 


FIG.  1— Botic  Wi«n  bridg*  is  bolancad 
whan  Vi  r=  0 


pedance  of  branch  1  at  resonance  is 
Z,  =  f?,  +  jR,. 

In  order  that  V,  =  0,  V,  =  V,.  To 
achieve  this  condition,  it  is  possible 
to  make  R,  =  2R„.  If  it  is  desired  to 
keep  R,  =  R„  it  is  necessary  to 
make  2Z,  =  Zj.  In  this  case 

2R,  =  R,  and  iC,  =  C,  (1) 

The  circuit  in  Fig.  2  uses  a  tube 
to  achieve  a  three-terminal  net¬ 
work,  as  distinct  from  the  four- 
terminal  network  of  Fig.  1.  Resis¬ 
tor  and  capacitor  values  are  related 
to  equation  1.  A  potentiometer  is 
included  in  the  plate  circuit  to  bal¬ 
ance  plate  and  cathode  gain. 

The  type  tube  used  is  not  critical, 
and  most  triodes  in  current  use  may 
be  used  with  suitable  rearrange¬ 
ment  of  component  values  in  plate 
and  cathode  circuits. 

Although  this  circuit  does  not 
have  a  very  high  Q,  it  offers  high 
rejection.  With  one-percent  toler¬ 
ance  components,  it  is  possible  to 
achieve  approximately  40  db  at¬ 
tenuation.  With  0.1-percent  toler¬ 
ance  components,  attenuation  ap¬ 
proaches  60  db.  Tests  of  the  circuit 
using  one-percent  components 
showed  an  attenuation  of  37.5  db. 


Broadest  line  of  a-c  regulators,  a 

complete  line  of  electronic  a-c  regulat¬ 
ing  equipment,  supplying  powers  as 
high  as  ISkva,  is  manufactured  by 
Sorenson.  Single  phase  and  3  phase. 
SO,  60, 400  cps,  115  and  230  vac  mod¬ 
els  are  available.  Good  example  of 
these  is  the  lOkva  Model  lOOOOS  sup¬ 
ply  (left).  Others:  Precision  a-c  regula¬ 
tors  (±0.01%)  for  labs  or  meter  cali¬ 
bration;  and  fast-response  low-distor- 
tion  a-c  regulators  where  line  transients 
must  be  reduced  to  a  minimum. 


. . .  and  rugged,  economical  MVR’s. 

Low  cost,  low  distortion,  long  life  and 
a  broad  selection  of  models  are  out¬ 
standing  features  of  Sorensen  MVR's 
(Magnetic  Voltage  Regulators).  Capac¬ 
ities  range  from  30  to  2000  va.  Regu¬ 
lation  is  on  the  order  of  ±0.5%.  Both 
harmonic-filtered  and  unfiltered  mod¬ 
els  are  available  with  115vac  out.  Mod¬ 
els  for  6.3  and  12.6  out,  unfiltered, 
also  available. 


F300V 


Sorensen  makes  a  complete  line  of  packaged  power  equipment-including 
regulated  d-c  supplies,  inverters,  converters  and  frequency  changers.  Despite  the 
breadth  of  the  standard  Sorensen  line,  our  engineers  are  always  ready  to  discuss 
your  specialized  power  requirements  up  to  complete  power  systems  for  complex 
computers  or  other  critical  equipment.  Write  for  complete  data. 


i2AU7 


Richard*  Avanua,  South  Norwalk,  Connecticut 


WIDEST  LINE  OP  CONTROLLED-POWER 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 


FIG.  2— Wi«n  bridg*  Altar  dost  not  havo 
high  Q  but  providot  good  rojoction 


IN  EUROPE,  contact  Soronaon-Ardac.  Zurich.  Switzerland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA,  Bayly  Engineering.  Ltd.  IN  MEXICO,  Electro  Lab*.  S.  A..  Mexico  City. 


CIRCLE  32  READERS  SERVICE  CARD 


ELECTRONICS -Jonuary  2,  1959 


I 

1 


By  MICHAil  F.  TOOHIG,  Components  ;\nd  Instrumentation  ljal)oratory,  ITT  I^lioratories,  Fort  Wayne,  Ind. 


LOGO  ANODE  - ) 


COMPONENTS  AND  MATERIALS 


Storage  CRT  Has  Symmetrical  Guns 


Both  the  writing  and  flooding 
guns  of  the  latron  cathode-ray  dis¬ 
play  tube  to  be  described  are  dis¬ 
posed  symmetrically  about  the  axis 
of  the  tube.  The  tube  was  devel¬ 
oped  for  use  in  a  fighter-plane  cock¬ 
pit.  The  tube,  tube  shields,  video 
amplifier,  two  deflection  amplifiers 
and  an  erase  generator  had  to  fit 
into  a  3-  by  11-in.  cylinder.  Among 
other  required  characteristics  for 
the  tube  were  an  image  brightness 
of  1,000  ft-lamberts  at  a  final  volt¬ 
age  of  four  kv  and  a  viewing  time 
of  30  sec. 

F'igure  1  is  a  schematic  drawing 
of  the  tube.  The  writing  gun  is  po¬ 
sitioned  so  that  the  writing  beam 
pas.ses  through  the  central  opening 
in  the  flood  gun  after  being  de¬ 
flected.  Aluminized  P20  phosphor  is 
deposited  on  a  flat  faceplate.  A  stor¬ 
age  screen  of  500-mesh  electro- 
formed  copper  screen  of  45-percent 
optical  transmission  has  an  evapor¬ 
ated  dielectric  coating  on  the  gun 
side.  The  collector  screen  is  16  by 
32  mesh  knitted  tungsten  of  92-per¬ 
cent  optical  transmission.  Two 
aquadag  electrodes  are  painted  on 
the  inner  surface  of  the  bulb  and 
a  metal  plate  in  the  plane  of  the 
flood  gun  is  connected  internally  to 
the  rear-wall  coating.  Other  com¬ 
ponents  are  a  ring  flood  gun  and  a 
writing  gun. 

Flood  Section 

Figure  2  shows  the  ring  gun 
flood  section  of  the  tube.  Electrons 


from  each  elemental  section  of  the 
cathode  cover  the  entire  presenta¬ 
tion  area.  This  is  accomplished  by 
cutting  the  anode  aperture  in  the 
asymmetrical  manner  shown ;  by 
running  the  rear  electrode  of  the 
flood  section  at  flood-anode  poten¬ 
tial  and  by  using  a  special  electrode 
positioned  in  the  central  opening  of 
the  ring  gun  to  control  the  injec¬ 
tion  angle  of  the  inner  surface  of 


FIG.  2— Ring  gun  flood  toction  of  tho  lube 


the  ring-shaped  beam.  The  electron 
lens  is  a  double  lens  formed  by  the 
two  wall  electrodes,  the  front  wall 
and  collector  screen. 

Negligible  shading  requires  that 
the  variation  of  both  the  normal 
velocity  component  of  the  flood  elec¬ 
trons  and  the  flood  current  density 
over  the  storage  surface  be  small. 
In  practice,  after  proper  adjust¬ 
ment  of  the  potentials  of  all  elec¬ 
trodes,  it  is  found  that  little  shad¬ 
ing  is  present.  Cutoff  potential  is 
found  to  vary  by  a  few  tenths  of  a 
volt  over  the  storage  surface.  When 


the  tube  is  operated  with  recom¬ 
mended  voltages,  a  phosphor  cur¬ 
rent  of  670  fiH  is  obtained  for  a 
flood  beam  current  of  2.8  ma. 

Filamentary  Gettering 

Since  viewing  time  is  a  function 
of  positive  ion  current,  the  smaller 
the  ion  current  the  longer  the  view¬ 
ing  time.  The  positive  ion  current 
must  be  maintained  at  as  low  a 
value  as  pt)ssible  during  the  life  of 
the  tube.  In  other  words,  the  vac¬ 
uum  of  the  device  must  be  as  high 
as  possible. 

A  solution  to  the  problem  in¬ 
volved  heating  a  tungsten  filament 
to  about  2,700  C  and  evaporating  a 
film  of  tungsten  onto  the  glass  wall 
of  the  tube.  The  filament  is  5-mil 
tungsten  wire  developed  for  use  in 
projection  lamps  and  is  positioned 
between  the  ring  gun  and  rear 
shoulder  of  the  envelope.  The  tung¬ 
sten  is  evaporated  after  the  entire 
tube  is  immersed  in  a  beaker  of  wa¬ 
ter  for  cooling  purposes.  Improve¬ 
ments  in  vacuum  of  three  to  10 
times  or  better  have  been  obtained 
on  a  number  of  tubes.  Several  tubes 
were  regettered  three  times. 


New,  Fast-Switching 
Mesa  Transistor 

Switching  speeds  in  the  milli- 
microsec  range  and  a  typical  alpha 
cutoff  frequency  of  250  me  are  im¬ 
portant  features  of  the  new  2N659 


Tub*  it  utMl  in  radar  indicator  tbown  mounted  in  cockpit  of  FiOl 


FIG.  I— Schomolic  diagram  of  2.5-in.  latron  with  lymmotricol  gum 
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Interior  vi*w  of  mobll*  toloprintor  contor 


Klelnachmidt  super^speed  teletypewriters  provide  world's 
fastest  printed  combat  communications  for  the  U.  S.  Army  I 


Taking  the  jolts  and  jars  of  movement  by  air  in 
stride,  the  new  Kleinschmidt  telecommunications 
units  handle  printed  messages  at  speeds  up  to  750 
words  a  minute!  Using  these  machines,  developed 
in  cooperation  with  the  U.  S.  Army  Signal  Corps, 
information  on  enemy  movements  could  move 
accurately  and  rapidly  to  friendly  units  widely 


dispersed  under  nuclear  battlefield  conditions.  In 
recognition  of  Kleinschmidt’s  high  standards  of 
quality,  equipment  produced  for  the  U.  S.  Army 
is  manufactured  under  the  Reduced  Inspection 
Quality  Assurance  Plan.  Today,  the  advanced 
commercial  application  of  electronic  communi-, 
cations  is  unlimited. 


DIVISION  OF  SMITH~CORONA  MARCHANT  INC.,  DEERFIELD,  ILLINOIS 

Pioneer  in  teleprinted  communications  systems  and  equipment  since  1911 
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mesa  transistor.  The  new  diff used- 
base,  germanium  component  is  in 
production  at  Texas  Instruments. 


25  50  75  100  125 

TEMPERATURE  IN  DEG  C 

FIG.  1— Typical  derating  curve  for  Tl 
2N559  transistor 


The  recent  advent  of  Cadmium  classified  —  we  got  the  one  to  do 
Sulfide  cells  stirred  up  the  photo-  with  the  relay, 
electric  street  light  control  business 

The  relay  had  to  switch  1000  watt 

for  a  fare -thee -well.  All  hands  got 

lamps,  handle  inrush  up  to  100  am- 

busy  dumping  tubes  and  producing 

peres,  yet  operate  on  100  milliwatts. 

small  controls  activated  by  CdS. 

And  it  had  to  do  it  5000  times 

Lights  were  blinking  all  over  the 

with  no  failures  and  exact,  stable 
pull-on  and  drop-out.  You  don’t 
get  relays  like  this  out  of  a  barrel. 

Our  parent  company,  Fisher- 
Pierce,  is  an  old  timer  in  this  P.E. 
business.  Before  running  off  in  all 
directions  at  once,  they  made  sure 
that  their  CdS  unit  had  the  per¬ 
formance  and  reliability  of  their 
existing  F-P  tubed  controls.  The 
many  problems  inherent  in  design¬ 
ing  around  new  components  were  if  servus  de  progress. 


country. 


GREATLY  ENLARGED 
IN  PROPORTION  TO  HEADER 


FIG.  3— AssambUd  davic* 


The  new  tran.sistor  is  rated  con¬ 
servatively  to  dissipate  more  than 
150  mw  in  free  air.  It  will  operate 
at  temperatures  up  to  100  C.  A 
typical  derating  curve  is  shown  in 
Fig.  1.  The  TI  2N559  is  available 
in  a  miniature  round-welded  case 
less  than  half  the  size  of  standard 
.lETEC-oiitline  TO-5  unit. 

Gaseous  diffusion  and  high-vac- 
uum  techniques  are  combined  to 
produce  the  new  transistor.  High 
dissipation  is  obtained  through  di¬ 
rect  contiict  between  header  and 


By  using  the  basic  mechanical  de¬ 
sign  of  one  of  our  old  standards 
and  building  a  new  contact  mecha¬ 
nism,  we  done  it.  Fisher- Pierce’s 
new  CdS  control  has  now  proven 
itself.  Which  simply  re -proves  the 
immortal  truth  ^'stabbus  de  tubus. 


EMITTER 


SIGMA  INSTRUMENTS,  INC. 
62  Pearl  Street,  So.  Braintree  86,  Mass. 

An  AfMinte  of  The  Piiher-Pieree  Co. 


COLLECTOR 

FIG.  3— Closaup  of  diffusod-baso  germa¬ 
nium  wafer 
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element  consisting  of  just  three 
materials — germanium,  aluminum 
and  gold. 

The  assembled  device  is  shown  in 
Fig.  2.  The  diffused-base  germa¬ 
nium  wafer  used  is  made  up  as  in¬ 
dicated  in  Fig.  3. 


New  Glass  Seals  to 
Copper  Directly 

Capable  of  being  hermetically 
fused  directly  to  copper,  a  new 
pressed  and  sintered  Multiform 
glass  is  available  from  Corning 
Glass  Works. 


Powar  trontitler  ba(««  thaw  hew  leads 
ere  seeled  directly  le  capper  base  witheui 
need  for  metal  eyelets 


The  glass  has  an  expansion  of 
154  X  10"’/ C  which  closely  matches 
that  of  copper.  Working  point  of 
the  glass  is  665  C;  softening  point 
is  465  C;  annealing  point,  366  C 
and  strain  point  344  C. 


New  Source  Reported 
for  Radioisotopes 

General  Motors  Research  Labora¬ 
tories  report  a  new  radioisotope 
source,  Samarium-153,  which  shows 
promise  for  radiography,  liquid- 
level  gaging,  thickness  gaging  and 
specific-gravity  measurements. 

Inside-out  panoramic  radiogra¬ 
phy  photon  energies  of  42,  70  and 
103  kev  are  available  from  the 
source.  It  has  a  short  exposure  pe¬ 
riod — about  five  times  less  than  any 
other  known  low-energy  photon 
source.  Half-life  is  about  two  days 
necessitating  a  new  source  each 
week  to  keep  exposure  times  to  a 
minimum.  But  this  can  be  advan¬ 
tageous  because  exposure  ’  times 
during  the  first  week  of  use  are  le.ss 
than  with  any  other  source. 


FRAME 

GRID 


„.the  vDorld’t  most  modem 
high-gain  twin  triode 


a  RELIABLE  premium-quality  tub*  for  military  My*t*m» 
requirement*  and  exacting  industrial  applications 


■  low  noise 

■  long-life  cathode 

■  new  “dimple”  anode 

■  frame  grid  construction 

■  reliable  radar  cascode  stages 

■  high-speed  computer  operation 

■  for  HF,  IF,  mixer  and 
phase-inverter  stages 

■  high  transconductance 


the. 

FxlitssscoNsnnicm 

that  makee  the  dUferenee!  ^ 

The  frame  grid  ia  the  doeest  ap- 
proadi  to  the  ideal  “physiciaft 
grid”—  the  grid  with  o^y  dectri- 
cal  diaracteristics  but  no  i^yaical 
dimensions. 

It  rotult*  im 

a  higher  transconductance 
a  tighter  Gn  and  plate  current 
tolerance 

a  low  transit  time 
a  low  capacitances 
a  lower  microphonics 
a  rugged  construction 


other  Ampwrwx  Premium  Quality  (PQ) 
frame  grid  tubes  available  in  production 
quantities: 

5a47 . broadband  amplifier  pentode 

66M . ruiftdized  broadband  amplifier  pentode 

pivi  erher  PQ  end  frame  erid  fuber  fer  special  relie- 
bilily  reeviremenli  end  esectine  indvsiriel  epplicef/ent 


TYPICAL  OPERATION 

Plate  Supply  Voltage . 100  volts 

QrM  Supply  Vettago . -f-9  volts 

Cathode  Bias  Resistor . 6M  ohms 

Plato  Current  . . . 15  me 

Transconductance . 12,S00amhos 

(min.  10,5<X);  max.  15.0(X» 

Amplificatlen  Factor  . 33 

Equivalent  Noise  Resistance 

300  ohms 

Qrid  Voltaga  (rms) . 0.75  volts 


Ampapaat  FRAMB  WMO 

rl-li  The  grkHxxathodo  spacins  tol- 
eranca  is  dotarmitted  by  the 
carefully  eontroiled  diameter  of 
grid  support  rods  (center-lass 
■m  ground)  and  by  frame  croos* 
I  I  braces  between  theaa  reds.  Ex¬ 
tremely  fine  grid  wire  eUminatas 
the  "island  affecr'  usually  encoun¬ 
tered  In  conventional  tubes  with 
equally  close  grid-to-cathode  spacing. 
Rigid  support  of  fine  wires  reduces 
ntachanical  resonance  and  micro- 
phonics  in  the  grid. 


CONVENTIONAL  CMHD 

GrId-to-cathode  spacing  tolars 
ance  depertds  on  accuracy  of 
grid  dimension,  obtained  by 
Stretching  on  a  maitdrel,  and  on 
tolerances  of  holes  in  top  and 
bottom  mica  rod  supports.  iDlam- 
etor  of  grid  wire  must  bo  targe 
enough  to  be  self-supperting. 


ae*  Ampmeax 

^^^^promlum-qualMy  tub** 
tor 

spoclal  rollabllltf  roquiromont* 

Semlcendvcler  end  Speclel  Fvrpeae  Tvbe  Divltlea 
AMPEREX  ELECTRONIC  CORP. 

2M  Duffy  Avenue.  Hickiville.  1. 1..  N.  X 


In  Canada;  Ropert  Electronic  Tubes  A  Componentt,  lid  Vonderhoof  Avenue,  Toronto.  Ontario 
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"BELT 

-DRIVE 

WHEEL 


CATHODE 


BUSHING 


DRIVE  WHEELS 


TO 

MOTOR 


PRODUCTION  TECHNIQUES 


Wheels  Make  Spray-Coating  Easy 

Sy  STEWART  F.  PATERSON,  Electronic  Tube  Dlv.,  Westinghouse  Electric  Corp.,  Einiira,  N.  T. 


Unusually-shaped  parts  can  be 
spray-coated  evenly,  economically 
and  quickly  on  a  rotating  holding 
fixture.  The  equipment,  devised  to 
spray  cathodes,  can  be  adapted  to 
other  spray  jobs  by  changing  the 
chucks  and  possibly  changing  the 
relationship  between  the  line  of 
spray  and  the  rotating  support 
wheel. 

Straight-line  spraying,  where 
work  passes  through  a  spray  in  a 
straight  line,  works  well  with  flat 
or  cylindrical  cathodes  sprayed  only 
on  the  outside.  Industrial  tube 
cathodes,  however,  .seldom  look  like 
conventional  cathodes  and  do  not 
receive  the  proper  weight,  density 
and  uniformity  of  emission  coating 
when  the  coating  is  applied  by 
straight-line  spraying. 

Cathode  Type 

For  example,  the  WL-632  cathode 
shown  consists  of  2  concentric 
cylinders  about  I  inch  high.  The 
outer  cylinder  has  a  I  inch  inside 
diameter,  is  open  at  both  ends  and 
is  connected  by  six  radial  fins  to 
the  inner  cylinder,  which  is  i  inch 
outside  diameter  and  closed  at  both 
,  ends.  It  is  made  of  nickel. 

The  problem  was  to  coat  the  in¬ 
ner  portion  of  the  outer  cylinder, 
the  outer  portion  of  the  inner  cylin¬ 
der  and  both  sides  of  the  fins.  To 
do  this  automatically,  the  fixture 
puts  the  cathodes  in  proper  position 
and  rotates  cathode  faces  in  front 
of  a  stationary  spray  gun.  The  gun 
is  operated  by  timers. 

The  rotating  support  wheel  car- 


Magnetic  chucks  spuud  loading  of  nickol  cothodos  on  rotating  fixturo 


SUPPORT  WHEEL" 


ONE  OF  2  MAGNETS 
LOCATED  120*  APART, 


MAGNETIC  CHUCK-^  ^ 

FIG.  1— Cutaway  viow  of  chuck  and  drivo 
whool  atsambly 


Typo  of  cothodo  sproyod  on  intido  sur- 
focus 


BELT"^  rotating 

SUPPORT  WHEEL 

TABLE 

FIG.  2— Roar  viuw  of  rotating  support 
whuul 


ries  12  rotating  magnetic  chucks, 
assembled  as  in  Fig.  1.  The  support 
wheel  rotates  clockwise  at  about  30 
rpm  while  the  magnetic  chucks  ro¬ 
tate  counterclockwise  at  about  120 
rpm.  Rotation  of  the  chucks  is  ob¬ 
tained  by  having  each  chuck  con¬ 
nected,  through  bushings  in  the 
support  wheel,  to  an  individual 
drive  wheel. 

These  drive  wheels  are  driven  by 
a  belt  (Fig.  2)  which  is  a  loop  tied 
to  a  stationary  point.  The  belt  runs 
in  a  groove  in  the  circumference  of 
each  drive  wheel.  As  the  support 
wheel  rotates  clockwise,  the  chucks 
go  in  the  opposite  direction.  This 
system  is  as  trouble-free  as  a  setup 
could  be. 

The  entire  mechanism  is  driven 
by  a  single  motor  located  under  the 
spray  booth.  The  motor  is  directly 
connected  by  a  belt  to  the  shaft  of 
the  support  wheel.  The  faces  of  the 
support  wheel  and  chucks  are  per¬ 
pendicular  to  the  line  of  spray,  so 
the  spray  enters  the  open  ends  of 
the  cathodes. 

In  operation,  the  operator  loads 
the  chucks,  starts  the  wheel  rotat- 
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Transistor-Curve  Tracer 


tow  INPUT  CUPPENT 


TYPE  5  7  5  CHARACTERISTICS 


Positiv*  or  Nogotivo  Colloctor  Swoop 

Collector  supply— 0  to  20  v,  10  omperes. 

—0  to  200  V,  I  ampere. 

Dissipotior^  limiting  resistors— 0  to  100*kilohms  in  17  steps. 
Positive  or  Nogotivo  Soso  Stopping 

4  to  1 2  steps  per  family,  repetitive  or  single  family  display. 

17  current-per  step  positions,  1  /io/step  to  200  mo  step. 

5  voltoge-per-step  positions,  0.01  v^step  to  0.2  v  'step,  with  24 

series  resistance  values  from  1  ohm  to  22  kilohms. 


10-Ampere  Collector  Supply 
2. 4- Ampere  Bose  Supply 


NFN  tromutor,  collector  current 
vs  collector  voltoge  with  con- 
stont  current  bose  steps  Collector 
sweep  IS  0  to  15  v,  base  current 
I  microomp,  step  Verticol  deflec 
tion  IS  10  microomp/ dry,  hon* 
/ontol  0  t  v/drv. 


Colibroted  Disploy 

Verticol  oxis— 


Tektronix,  Inc. 


Collector  current,  16  steps  from  0.01  mo^div  to  1000  mo/div. 

Pushbuttons  ore  provided  for  multiplying  eoch  current  step  by  2  and 

dividing  by  10,  increasing  the  current  range  to  0.001  to  2000  mo/div. 
Horizontol  oxis— 

Collector  volts,  1 1  steps  from  0.01  v/div  to  20  v/div. 

Both  oxes— 

Bose  volts,  6  steps  from  0.01  v/div  to  0.5  v  'div. 

Bose  current,  17  steps  from  0.001  mo/div  to  200  mo/div. 

Bose  source  volts,  5  steps  from  0.01  v/div  to  0.2  v/div. 

Tost  Condition  Soloctor 

Select  either  common-emitter  or  common-bose  configuration. 

Price  $935  f.o.b.  foctory 


P.  O.  Box  831  *  Portlorsd  7,  Oregon 

Phone  CYpress  2-261 1  •  TVYX-PD  31 1  •  Coble:  TEKTRONIX 


TfKTRONtX  rifiO  Off KE$t  AJbertson,  1. 1.,  N.Y.  *  Albugueroue  *  Arionte,  Co.  *  BrenMviHe, 
N.Y.  •  RuRolo  •  Clevelof^  *  DoHos  *  Ooyten  •  Elmwood  Pork,  M.  *  CndweN,  N.Y.  *  Houston 
lothrup  Viltoge,  Mkh.  •  Eost  los  Angeles  •  West  Los  Angeles  •  Mmneopoks  •  Mission,  Konsos 
NewtonviHe.  Moss.  *  Orlondo.  Ho.  •  Pole  AKo,  CoW.  •  PhilodeIpKio  •  Phoenn  •  Sm  Diego 
St.  Petersburg,  Flo.  *  Syrocuse  •  Towson,  Md.  •  Umon,  N.J.  *  Woshington,  O.C.  *  WiBowdolt,  Ont. 


TEKTRONIX  INGINttRINO  RIPRiSINTATIViS:  Howthorne  Clectremcs.  fortlond,  Oregon., 
Seottle,  Wosh.;  Hytremc  Meosurements.  Denver,  Cole.,  SoH  loke  City,  Utoh. 


> 


Tektronii  is  represented  m  20  oversees  countries  by  quoMied  ef>gtr>eering  orgonixotions. 


No  production  doloyf  Shipments  within  a  v.r/  f»w  dayt  of  rtc.ipl  of  ordor. 
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ing  and  starts  the  timer-operated 
spray  gun.  After  the  timer  stops 
the  gun  and  motor,  the  operator 
turns  the  cathodes  around  so  the  op¬ 
posite  end  faces  the  gun  and  starts 
the  wheel  and  gun  again.  When 
both  ends  are  sprayed  the  cathodes 
are  unloaded  and  the  coating 
weight  is  checked.  Since  the  spray¬ 
ing  is  regulated  by  the  timer,  the 
operator’s  time  during  spraying 
can  be  utilized  elsewhere. 


Miniature  Vises  Hold 
Small  Circuit  Boards 


Detection . . . 
Resolution . 
Identification 


Today  we  rely  on  devices  hardly  dreamed  of  a 
few  short  years  ago.  The  limits  of  man’s  theoretical 
knowledge  are  being  pushed  farther  almost  daily. 
Between  the  theory  and  the  device  lies  the  exciting 
zone  of  applied  resetirch  and  development — the 
application  of  new  concepts,  and  the  development 
of  new  products.  This  is  the  fascinating  challenge 
of  creative  engineering. 

Radar  Ambiguity  is  just  one  example,  but  typi¬ 
cal,  of  the  problems  imder  intensive  examination 
at  Melpar.  Importemt  as  the  problems  of  radar 
are,  they  comprise  but  one  part  of  the  110  different 
electronic  research,  development  and  production 
projects  at  Melpar. 


Prototype  quantities  of  printed 
wiring  boards  are  as.sembled  at 
Avco’s  Advanced  Research  and  De¬ 
velopment  Division,  Lawrence, 
Mass.,  on  small  assembly  lines  like 
the  one  shown.  In  addition  to  pur¬ 
chased  fixtures  and  feed  trays,  the 
assemblers  are  using  2  fixtures 
made  in  the  division’s  shops. 

Small  vises  provide  a  firm  rest¬ 
ing  place  for  the  boards  while  com¬ 
ponents  are  attached.  Boards  can 
be  turned  to  any  angle  without  ob¬ 
struction.  Boards  are  held  in  V 


Rewarding  pesitiont  arc  prasantly  availobim  in  thm  following 
ttroat  of  Melpar's  activitias: 

RKonnoitMinc*  Syttaim  EneiiiMring 
OeportHMot 

AirboriM  Equipmanl 
Oreund  Data  Handling  EquipmanI 
Orownd  Support  Equipmont 
Simulation  4  Training  Syitamt 


Communication  4  Navigation 
Syctamt 

Dataction  4  Idantiflcotien  SyttanM 
Chamittry  laboratory 
Antenna  4  Radiation  Syttoms 
Applied  Phyikt  Laboratory 
Anolyeie  4  Computation  Laboratory 

Poeitionf  aro  alto  available  in  our  Production  Division  and  our 
Quality  Control  Department. 


For  dolailt  about  opporfunitiot  at  Molpar, 
addnt$  your  inquiry  to: 
TECHNICAL  PERSONNEL  REPRESENTATIVE 


^  Incorporated 

A  Suboidiary  of  WeotinKhouae  Air  Brake  Company 
3317  Arlington  Bouhvord,  fallt  Church,  Virginia 
10  milot  from  Wadiington,  O.C. 


Board  vitas  ora  boltad  to  workbench  in 
use 
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Do  you 
know  a  volt 


AC  tnvelis  in  ttrauige  ways.  It  may 
come  rippling  in  on  a  sine,  jog  along 
a  saMTtooth,  pulse  up  and  down  a  square 
or  stutter  over  a  distorted  wave.  L 


Only  if  it  arrives  on  sine  can  you  be 
reasonably  sure  of  root  mean  square 
readings  on  the  conventional  panel  meter, 
an  instrument  which  senses  average 
voltage  and  is  calibrated  to  show  rms. 

Beckman  Expanded  Scale  AC 
Voltmeters,  however,  provide  direct  i 
rma  readings  on  all  wave  forms,  and  m 
for  a  very  simple  reason.  Thermal  A 
elements  used  in  the  expansion 
network  operate  as  a  function  of 
heat,  and  that’s  just  what  rms  is . . . 
the  heat  value  of  an  AC  voltage.  V 


Board  heldor  it  pin*  ttript  nailod  on 
plywood 


grooves  in  the  vise  jaws.  The  left 
jaw  is  free  to  turn.  The  right  jaw 
rides  on  an  axle  which  extends 
through  the  upright  to  the  turning 
knob. 

The  board  is  held  by  spring 
pressure.  Washers  are  placed  on 
the  axle  between  the  spring  and  the 
upright  and  between  the  upright 
and  the  knob.  Friction  between  the 
washers  and  the  upright  hold  the 
board  at  the  desired  angle. 

The  tabletop  board  holders  are 
made  of  pine  strips  nailed  at  inter¬ 
vals  on  a  plywood  base,  or  from  a 
slab  of  pine  saw  slotted. 


Add  reliable  rms  to  othez  exclusive  ^ 
advantages  of  the  Beckman  expanded 
scale  panel  voltmeter: 

Accuraciea  to  the  fraction  of 
a  volt. . .  reading  reaolutiona  to 
hundredths  of  a  volt! 

And  you  will  know  a  volt  when  you 
^ee  one. 

Helipot  offers  you  hundreds  of  models 
...either  AC  or  DC... commercial  or 
ruggedued...in  a  variety  of  shapes,  sizes 
and  voltage  ranges.  Need  color  coding, 
special  ranges,  assemblies?  Yours  for 
the  asking.  Send  for  data  file  A‘14. 


Helipot' 


Helipot  DirUioa  of 
Bockmaa  Iii*tnim«Bta,  Inc. 
FaUerton,  California 
Enfiaaorins  rapraaantatima 


Top  Extension  Drills 
Blind  Housing  Hole 


Top  axtantion  in  um  on  daop  romota  hole 
in  radar  gear  train  housing 


Tapping  of  a  remote  blind  hole  on 
a  gear  train  housing  for  a  radar 
as.sembly.  is  accomplished  with  ac¬ 
curacy  at  Curran  Machine  Works 
in  Long  Island  City  through  use  of 
a  tap  extension  made  by  Ritmar 
Corp.,  Huntington,  N.  Y,  The  ex¬ 
tensions  are  available  in  standard 
lengths  of  9  inches,  in  nine  differ¬ 
ent  sizes  to  accommodate  15  differ¬ 
ent  sizes  of  standard  taps. 
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Potentiometer 
dual  element 

Bourns  Laboratories,  Inc.,  P.  O. 
Box  2112,  Riverside,  Calif.,  an¬ 
nounces  a  new  improved  version  of 
the  model  209  Twinpot  lead  screw 
actuated  potentiometer.  Twinpot 
is  a  dual  arrangement  of  two  poten¬ 
tiometers  in  one  compact  unit  that 


provides  simultaneous  control  of 
two  circuits  by  a  single  adjustment 
of  the  slotted  shaft.  Now  featuring 
the  Silvcrweld  termination,  a 
metal-to-mctal  bond,  this  model 
provides  virtually  a  100  piercent 
usable  pot  range  plus  better  sta¬ 
bility  and  higher  rcliabilitv.  Model 
209  measures  A  by  i  bv  H  in. 
Circle  200  on  Reader  Service  Card. 


Ten-Turn  Pot 
high  resolution 

Electromath  Core.,  42-14  Green- 
point  Ave.,  Long  Island  City  4, 
N.  Y.  Model  E-10  multiturn  pre¬ 


cision  pot  is  designed  to  provide 
long  life,  high  resolution,  opera¬ 
tional  reliabilih'  and  overall  econ¬ 
omy.  The  one-piece  unit  features 
distortion-free  linearity  as  low  as 
0.015  percent  due  to  a  servo-con¬ 


trol  method  of  resistance  winding. 
It  is  available  in  a  wide  variety  of 
linear,  nonlinear  and  loaded  func¬ 
tions  for  integration  into  anv  im¬ 
pedance.  Circle  201  on  Reader 
Service  Card. 


Resistors 
carbon  film  type 

Pyrofii.m  Resistor  Co.,.  Inc., 
U.S.  Hwy.  46,  Parsippany,  N.  J., 
announces  a  complete  series  of  glass 
sealed  pyrolytic  carbon  61m  type 
resistors  with  new  high  stability. 


small  size  and  reliability.  They  are 
completely  free  of  gases,  solder  flux 


and  other  contaminants,  and  are 
virtually  unchanging  over  long 
periods  of  storage.  Average  resist¬ 
ance  change  of  resistors  stored  for 
three  months  at  500  C  is  less  than 
1  percent.  Resistors  are  available 
in  i  w,  1  w  and  2  w.  Circle  202  on 
Reader  Service  Card. 


Terminal  Block 
for  heavy  duty  use 

DeJur-Amsco  Core.,  45-01  North¬ 
ern  Blvd.,  Long  Island  City  1, 
N.  Y.,  announces  a  new  plug  and 
socket  terminal  block,  series  200- 
19.  The  rugged  10-contact  con¬ 
nector  is  capable  of  handling  up  to 


15  amperes  and  10,000  v  rms  at 
sea  level.  Each  pin  contact  is 
common  with  individual  buss  plates 
and  separated  by  molded  barriers. 
Solder  cups  accommodate  No.  14 
Awg  wire.  Precision  machined 
pins  and  sockets  of  spring  temper 
brass  and  bronze  are  silver  and  gold 
plated  for  low  contact  resistance 


and  ease  of  soldering.  Floating 
socket  contacts  assure  positive 
alignment  of  each  contact.  Circle 
203  on  Reader  Service  Card. 


Impact  Grinder 
ultrasonic  type 

Raytheon  Meg.  Co.,  Waltham  54, 
Mass.,  announces  model  2-335 
ultrasonic  impact  grinder  which 
uses  a  magnctostrictive  transducer 
to  permit  a  100  percent  duty  cycle. 
Simple,  rugged  and  versatile,  the 


unit  is  used  for  cutting,  slicing, 
drilling,  grinding  and  trepanning 
regular  or  irregular  shapes  quickly, 
accurately  and  economically.  Among 
the  substances  that  can  be  worked 
are  semiconductors,  ceramics,  fer¬ 
rites,  carbides,  metals,  jewels  and 
other  hard  or  brittle  materials. 
Circle  204  on  Reader  Service  Card. 


Power  Supply 
voltage  regulated 

Keeco  Laboratories,  Inc.,  131-38 
Sanford  Ave.,  Flushing  55,  N.  Y. 


Model  SC-3672-1  transistorized, 
voltage  regulated  power  supply  de¬ 
livers  36  to  72  V,  0  to  1  ampere. 
Regulation  for  line  or  load  is  less 
than  0.1  jjercent  or  0.003  v,  which¬ 


ever  is  greater.  Ripple  is  less  than 
1  mv  rms.  Recoverv  time  is  less 
than  50  /iscc.  Stability  for  8  hr  is 
less  than  0.1  percent  or  0.003  v, 
whichever  is  greater.  Operating  am- 
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OO  LOOK  AT  THEIR  DESIGN  Standard  taper  is  linear;  modified  logarithmic  or  special 

tapers  are  available. 

IRC  2W’s  are  designed  with  a  one-piece  nickel  silver 

center  terminal  and  collector  ring.  Resistance  wire  is  OO  LOOK  AT  THEIR  APPLICABILITY 
wound  by  specially  designed  IRC  machines  and  bonded  r-, 

to  the  core  by  a  special  coating  to  prevent  wire  shifting  2W  Controls  are  widely  used  in  circuits  for 

even  under  most  unfavorable  conditions.  servo-mechanisms,  test  instruments,  measuring  instru¬ 

ments,  automatic  controls,  military  equipment,  and 
THEIR  ADAPTABILITY  many  other  electronic  devices  where  high  stability  and 

low  cost  are  necessary  factors. 

You  name  it — the  IRC  2W  hjis  it:  Single  control:  single 

with  SPST,  DPST  or  SPDT  switch;  duals,  concentric  OO  LOOK  AT  BULLETIN  A-33 

duals,  with  or  mthout  switch;  3-gang  or  4-gang,  water-  complete  details  of  construction  and  specifications: 

proof  shaft  and  bushing.  derating,  taper  and  resolution  charts.  Write  for  it  today. 

IRC  2W’s  are  available  with  most  any  shaft  and  ^  . 

bushing  style,  including  a  ’’shaft  locking”  type  bushing.  ;t  /\ 

For  your  further  convenience  there  is  a  wide  selection  /  \  /  \  j  \ 

of  standard  and  special  locating  lugs.  ■  \  /  \  /  \ 

OO  LOOK  AT  THEIR  PERFORMANCE  / 

IRC  2W  Controls  exceed  MIL-R-19A  specifications  of  /  ^  ^  | 

3%  maximum  and  11/$%  average  change  for  40°C  load  I  I  I  v  I  { - 

life  at  1000  hours.  Resistance  change  is  less  than  2%  j 

maximvim  adter  25,000  cycles  under  rated  load.  / 

OO  look  at  their  characteristics  \  I 

2W  Controls  may  be  obtained  in  resistance  values  from  \  /  \  /  \  / 

1  to  50,000  ohms,  and  in  tolerances  of  10%  and  5%;  •/ 

lower  tolerances  are  available  on  special  request. 

INTERNATIONAL  RESISTANCE  COMPANY  .  Dept.  371,  401  N.  Broad  St.,  Philo.  8,  Po.  In  Canada:  International  Retiitance  Co.,  ltd.,  Toronto  Lkentee 
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bicnt  temperature  is  50  C  maxi¬ 
mum.  Temperature  coefficient  is 


less  than  0.05  percent  pet  deg  C. 
Output  impedance  is  less  than  0.08 


ohm.  Circle  205  on  Reader  Service 
Card. 


Microwave  Leveler 
2  to  4  kmc  range 


which  require  constant  output  at 
fast  or  slow  electronic  sweeps. 
Microwave  levelers  include  a 
directional  coupler  for  r-f  power 
sampling,  a  crystal  detector,  and  a 
stable  high  gain  amplifier.  The 
signal  level  is  compared  with  a 
reference  voltage,  amplihed  and 
brought  out  as  a  control  voltage. 
Circle  206  on  Reader  Service  Card. 


Ai.frf.d  Electronics,  897  Com¬ 
mercial  St.,  Palo  Alto,  Calif.  Model 
703  microwave  lexeler  flattens  r-f 
power  to  ±1  db  from  2  to  4  kmc 
from  backward  waxe  oscillators, 
klystrons,  signal  generators,  and 


twt  amplifiers.  It  is  specifically 
designed  for  increasing  versatility 
of  voltage  tuned  microwave  oscil¬ 
lators  to  permit  measurements 


width.  The  3  watts  of  power  re¬ 
quired  is  introduced  on  the  trans¬ 
mission  line  to  simplify  installation. 
Up  to  500  ft  of  RG8/U  cable  may 
be  used,  for  the  cable  loss  is  com¬ 
pensated  for  by  the  amplifier  gain. 
No  ventilation  is  required,  thereby 
allowing  for  complete  waterproof¬ 
ing.  Circle  207  on  Reader  Service 
Card. 


R-F  Amplifier 
for  150-1 65  me 

E.  R.  Roller  Co.,  Fox  Road,  Put¬ 
nam,  Conn.,  announces  model 
WA-1  sensitive  r-f  amplifier  for 
150  to  165-mc  applications.  De¬ 
signed  for  outdoor  use  at  the  an¬ 
tenna,  it  provides  a  gain  of  25  db, 
low  noise  figure,  and  narrow  band¬ 


strument  testing,  oscilloscopes  and 
other  power  supply  requirements,  a 
new  series  of  diffused  junction  sili¬ 
con  rectifiers  will  provide  currents 
up  to  six  amperes  oxer  an  inverse 
voltage  range  from  50  to  500  v. 
The  units  are  operable  at  diode 
base  temp>eraturcs  up  to  1 50  C. 
Circle  208  on  Reader  Service  Card. 


Silicon  Rectifiers 
50  to  500  piv 

Iniernahonal  Rectifier  Corp., 
1521  E.  Grand  Avc.,  El  Segundo. 
Calif.  Designed  to  bring  miniaturi¬ 
zation  and  high  efficiency  to  such 
applications  as  miniaturized  air¬ 
borne  poxver  supplies,  electrical  in¬ 


models  have  Duratrak  contact  sur¬ 
face,  which  minimizes  brush-track 
deterioration  under  adverse  enx  iron- 
mental  or  load  conditions  and  as¬ 
sures  long  and  trouble-free  life. 
Basic  uncased  models  are  available 
for  115-x  and  230-v  serxice  and  are 
rated  at  a  maximum  of  3.0  and  2.4 
kxa  respectixely.  Cased  models 
haxe  knockouts  for  conduit  or 
armored  cables.  Circle  209  on 
Reader  Service  Card. 


Autotransformer 
rugged,  adaptable 

General  Radio  Co.,  275  Massa¬ 
chusetts  Ave.,  Cambridge  39,  Mass. 
Type  \V20  Variac  autotransformer 
is  claimed  to  be  more  rugged,  more 
adaptable  and  more  durable  than 
its  predecessors.  Wrought  metallic 
parts  have  bcxii  substituted  for  cast¬ 
ings  in  the  interest  of  improxed 
mechanical  propierties.  Heat  trans¬ 


fer  betxvecn  coil  and  base,  brush 
and  radiator  has  been  improved.  All 


d-c;  4  ampere,  250  v  d-c.  Lead 
receptacles  for  the  sxvitch  (desig¬ 
nated  V3-1-D8)  can  be  attached  in 
seconds.  Contact  arrangement  is 
spdt  and  the  switch  may  be  wired 
normally-open  or  normally-closed. 
A  xx’ide  xariety  of  roller  and  lexer 
type  auxiliary  actuators  may  be 


Ultrasmall  Switch 
quick-connect  type 

Micro  Switch  Division,  Minnc- 
apolis-Honcyxx’ell,  Freeport,  111.  A 
new  ultrasmall  quick-connect 
switch  has  ratings  of  10  amperes, 
125  or  250  V  a-c;  4  ampere,  125  v 
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New  Scalemaster  fifes 
,  %  take  any  amount 


You’ve  never  worked  with  films  ' 

like  these  before !  Scalemaster  films 

are  Mylar*  with  a  very  high  degree  of  0*1  i 

extra  stabilization  added  through 
an  exclusive  Ozalid  process.  The.se  extremely  durable, 
dimensionally  stable  films  safeguard  your  investment  in 
valuable  originals.  They’re  practically  impossible  to  tear— 
won’t  fray,  crack,  “dog-ear,”  or  become  brittle,  and  can  be 
filed  indefinitely  without  deterioration.  And  fast!  Scalemaster 
films  are  extremely  transparent  for  the  fastest  copies 
possible  . . .  and  with  maximum  contrast.  Your  draftsmen 
can  draw  and  dimension  precisely  in  one  operation  . . . 
with  accuracy  never  before  attainable.  In  fact,  in 
many  fields,  Scalemaster  films  can  often  help  eliminate 
entire  reproduction  steps. 

But  why  not  see  for  yourself?  Send  for  sample  sheets  of 
Scalemaster  films  today  and  test  the  performance  advantages 
they  give  you.  Write:  Ozalid,  Dept.  L-1-2,  Johnson  City,  N.  Y 


Yours  today!  The 
engineering  standard 

irable,  p 

in  01  tomorrow 


•Ob  Poal'i  r««i»ur«4  tndanvk 


A  Division  of  Gonorol  Anilino  &  Film  Corporolion 
In  Conodoi  Hughos  Ovvont  Company,  lid.,  Montrool 
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AT  400  CYCLES 


LOW  NOISE 
CHOPPERS 


COMPANY 

4050  N  Rockwell  St ,  Chf(ogo  III  ,  (Ornelto  7-6333 


VIBRAPOWR 


easily  attached  for  applications 
where  the  operating  direction  is  not 
in-line  with  the  plunger  motion. 
Circle  210  on  Reader  Service  Card. 


CHOPPERS 


•vT  JOHN  A.  KENNEDY 

JAMBS  VIBBAPOWK  CO. 


DOUBLE  POLE  DOUBLE  THROW  CHOPPERS 
can  b«  UMd  to  aimplify  circuit  design  and 
improve  periormance. 


A  DPDT  Chopper  can  be  used  as  both  the 
modulator  oi  the  inout  aignal  and  oe  the 
demodulator  or  rectifier  in  the  output.  The 
unique  lAMES  design  drives  both  sections  of 
a  DPDT  chopper  from  a  common  reed.  As 
o  result  both  sections  track  together.  The 
designer  need  only  insure  his  circuit  phene 
relationships  are  correct. 


Oscillogram  Scanner 
adjustable  speed 

The  Gerber  Scientific  Instru¬ 
ment  Co.,  89  Spruce  St.,  Hartford 
1,  Conn.  Tlie  new  model  S- 10  was 
designed  to  sohe  data  reduction 
problems  where  an  operator  is  re¬ 
quired  to  scan  a  record  o\er  a  large 
area.  Oscillogram  strips  up  to 
1,000  ft  in  length  may  be  tracked 
across  the  66  in.  illuminated  scan¬ 
ning  surface.  Controls  are  pro- 
tided  in  a  panel  set  flush  at  desk 
let  el.  Circle  211  on  Reader  Serv¬ 
ice  Card. 


Signal  Uolation  b«tw««n  th*  two  pole  sec¬ 
tions  of  a  JAMES  chopper  is  good,  interpole 
capacity  being  less  than  7  MMFD.  Since 
both  poles  have  the  same  phase  lag,  system 
gains  of  10*  may  be  used  safely. 


The  maximum  continuous  rating  for  JAMES 
instrument  choppers  is  10  volts  at  1  MA. 
Input  sections  rarely  approach  this  voltage 
and  current  level,  however,  in  some  cases 
output  design  requires  higher  values.  Volt- 
oges  on  an  intermittent  basis  (i.e.  less  than 
10%  oi  the  time)  up  to  SO  volts  at  1  MA  can 
be  applied  to  the  JAMES  chopper  with  no 
component  deterioration. 


A  common  design  practice  where  higher 
amplifier  D.C.  power  outputs  are  desired 
is  to  use  a  straight  D.C.  amplifier  after  the 
demodulation  oi  the  chopper. 


•  Double  pole  double  throw  switching  ioXj 
dual  input  or  input/output  circuits. 

•  New  miniature  packages. 

■  Both  make  before  break  and  break  be¬ 
fore  moke  closures. 

•  Models  for  driving  frequencies  of  5  to 
450  Cps. 

•  Low  driving  power— less  than  .2  watts 
at  400  Cps. 

•  Operations  unaffected  by  shock,  tem¬ 
perature  and  vibratioiu. 


Another  use  of  a  JAMES  DPDT  chopper  is 
dual  input  where  one  chopper  feeds  two 
separate  channels.  Either  straight  chopper 
amplifier  design  or  chopper  stabilized  cir¬ 
cuits  can  be  used  with  assurance  oi  negli¬ 
gible  cross  talk. 


Tapes  and  Symbols 
for  p-c  layouts 

CiiART-P.\K,  Inc.,  One  River  Road, 
Leeds,  Mass.,  has  available  tapes 
and  sjK'eial  symbols  for  preparation 
of  master  drawings  for  printed  cir¬ 
cuitry.  Master  drawings  and  lay¬ 
outs  can  be  made  faster  and  easier 
without  drawing  a  single  pen  or 
pencil  line.  To  make  p-c  master 
layouts  the  draftsman  need  only 
stick  down  the  prcdsion-slit  tapes 
and  precision  die-cut  symbols  where 
desired  on  either  Chart-Pak  pre¬ 
cision  grids  or  Transograph  Pcn-cil- 
ized  drafting  film.  Circle  212  on 
Reader  Service  Card. 


The  problem  of  balanced  input  to  the  am¬ 
plifier  can  be  eliminated  by  ueing  a  DPDT 
chopper  as  a  full  wave  modulator. 


JAMES  is  the  complete  source  of  critical 
components  for  low  level  D.C.  amplifica¬ 
tions,  supplying  choppers,  transformers  and 
chopper  drivers. 


Where  two  D.C.  levels  are  to  be  compared 
and  yet  must  be  at  all  times  isolated,  the 
DPDT  circuit  with  a  standard  comparison 
voltoge  can  be  conveniently  used. 


lYrjfe  /or  eng/neer/ng  literatun. 


The  reliability  and  common  tracking  char¬ 
acteristics  oi  JAMES  DPDT  choppers  give 
added  flexibility  to  the  circuit  and  equip¬ 
ment  designer.  Consult  us  here  at  JAMES 
with  your  chopper  problems. 
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Crystal  Protectors 
miniaturized 

Bomac  Laboraioriks,  Inc.,  1 
Salem  Road,  Beverly,  Mass.,  an- 
nounees  a  new  line  of  miniaturized 
crystal  protectors  that  are  one-half 
the  size  of  previous  types,  h’or  ex¬ 
ample,  the  X-band  tube  is  approxi¬ 
mately  3  in.  between  flange  faces. 
'I  he  electrical  characteristics  are 
equal  to  or  better  than  the  usual 
broadband  t-r  tulx',  and  they  are 
a\ailable  for  all  microwave  bands. 
Circle  213  on  Reader  Service  Card. 


Capacitors 
high  temperature 

SciMit.i.A  Division,  Bendix  Avia¬ 
tion  Corp.,  Sidney.  N.  Y.  'ITic 
E-313  family  of  high  temperature 
capacitors  arc  axailable  for  use  on 
high  speed  aircraft  and  missiles. 
Manufactured  of  nonstratcgic  ma¬ 
terials  they  ha\c  completed  quali¬ 
fication  testing  of  1,000  hr  at 
maximum  temperature  and  rated 
voltage.  TemjXTature  range  is  —  33 
to  313  C.  Capacitance  is  0.03  to 
4.0  fif  at  600  v  d-c  with  higher 
\oltages  available.  Tire  capacitor 
features:  no  voltage  derating,  low 
capacitance  and  piowcr  factor  varia¬ 
tion,  minimum  size  and  weight. 
Circle  214  on  Reader  Service  Card. 


j - - 

Transistor  Chopper 
miniaturized 

Airpax  Products  Co.,  Jacktown 
Road,  Cambridge.  Md.  A  new 
transistor  chopper  switches  signal 
source  to  load  effectively  at  a  fre- 
quenev'  rate  from  zero  to  100  kc. 
I  lav  ing  no  moving  parts  it  is 


Smltest  MOLDED* 
MICA  CAPACITOR 

73%  Smaller* 

Micamofd  Missitmite 


for  to  125'’C  operation 


Micamold’s  Missilmite  subminiature  molded  mica  capacitors  are  the 
Smallest  Molded  Mica  Capacitors  Ever  Produced.  ..73%  SMALLER ! 
Due  to  radically  new  engineering  design,  new  materials  and  assem¬ 
bly  methods,  Perfectly  Symmetrical  Missilmites  MEET  and  EX¬ 
CEED  MILrC-5A  and  MIL-C-11272A,  Characteristics  “C,”  '*D” 
and  "E."  These  subminiature  molded  mica  capacitors  will  withstand 
operating  temperatures  of  — 55*C  to  4-125*C  (standard  range  is 
from  — 66*C  to  4-86*C),  and  weigh  only  gram. 


Reliable  and  stable  Missilmites  permit  greater  design  flexibility 
to  the  engineer,  and  are  especially  desirable  in  critical  miniaturized 
assemblies.  Recommended  for  use  in  missiles, 
delay  lines,  pulse  networks,  computors,  transis¬ 
torized  assemblies... or  wherever  minimum  size 
and  weight,  with  stability,  are  required. 


Send  for  Bulletin  IHA  to: 


Ctntral  Instrunwnt  Corporation 
alto  includtt 
Automatic  Manufacturing 
F.  W.  SIcklat  Divition 
Radio  Rocaptor  Co.,  Inc. 
(tubtldlary) 


MICAMOLD  ELECTRONICS  MANUFACTURING  CORP. 


(Subeidiary  of  General  Inetrument  Corp.) 

1087  FLUSHING  AVENUE,  BROOKLYN  37,  NEW  YORK  •  HYadnHt  7-5400 
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capable  of  operating  under  extremes 
of  shock  and  vibration.  Its  size  per¬ 
mits  use  where  space  is  at  a  pre¬ 
mium.  It  weighs  only  1  gram.  Two 
types  are  available.  I’vpe  6000  op¬ 
erates  throughout  a  temperature 
range  of  —40  C  to  4-60  C;  type 
6010,  in  ambients  from  —  40  C  to 
-t-85  C.  Type  6000  can  accommo¬ 
date  an  input  signal  from  a  fraction 
of  a  millivolt  up  to  5  v;  tvpc  6010 
extends  the  upjx.‘r  signal  level  to 
10  V.  Circle  215  on  Reader  Service 
Card. 


MARCONI 

Carrier  Deviation  Meter 

uses  muitl-crystal  stabiiity-iock 


Mica  Wafers 
add  to  reliability 

Perfection  Mica  Co.,  1522  No. 
Elston  Ave.,  Chicago  22,  Ill.,  has 
developed  a  new  line  of  low-priced 
mica  film  wafers  which  increase 
reliability  of  transistors  and  other 
scmiamductor  products.  'Ilic 
wafers  are  pre-punched  to  exactly 
fit  a  wide  variety  of  bases  and  arc 
used  for  electrieallv  insulating  the 
base  from  the  heat  sink.  Interfer- 
enec  vv  ith  heat  transfer  is  negligible. 
Circle  216  on  Reader  Service  Card. 


HUCT 


Control  Amplifier 
versatile  unit 


Parameters,  Inc.,  195  Herricks 
Road,  New  Hyde  Park,  N.  Y.,  has 
developed  a  control  amplifier  for 
contactor  regulators  and  servos  that 
has  built-in  control  stabilization. 
The  unit  eombines  stable  silicon 
transistor  amplifier  with  rugged, 
long  lived  relavs  to  make  a  high 
gain  phase-sensitive  contactor  con¬ 
troller,  and  includes  the  unique 
Varigain  circuit  that  automatically 
changes  the  svstem  gain  to  meet 
the  varving  dynamic  requirements 
of  a  high  pcrfonnance  servo  or 
regulator.  Threshold  input  for  actu¬ 
ation  is  1  mv  into  a  1,500  ohm  load 
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Ar  in-biiilt  dsviation  standard, 

crystal  governed,  insures  full  rated 
accuracy  at  all  times. 

Sfnd  for  Ira/lrt  BI43 


THdAcotil 


for  modulation  frequencies  up  to  25  kc. 
Internal  FM :  Due  to  hum,  noise  and  micro¬ 
phony,  less  than  -S3  db  relative  to  S  kc 
deviation. 

Tubes:  6AK3.  6AS7.  6C4,  6CD6G,  5651, 
5647,  5Z4G,  OB2. 


impedance,  and  the  output  is  1 1 5  v 
at  2  amperes  maximum  for  a  power 
gain  of  110  db.  Circle  217  on 
Reader  Service  Card. 


Control  Panel  Unit 

mounts  in  Vs  in.  hole 


Transistor  Ei.ecironics  Corp., 
^357  Republic  Ave.,  Minneapolis 
26,  Minn.  The  Transelcc  miniature 
Echo-Lite,  combining  a  push  but¬ 
ton  switch  and  a  neon  lamp, 
mounts  in  a  hole  only  I  in.  in 
diameter.  It  features  bifurcated  con¬ 
tacts  and  an  NE-2E  bulb  which 
maintains  a  fixed  position  relative 
to  the  lens.  Available  in  six  models, 
it  offers  independent  or  common 
lamp  and  switch  connections  with 
series  resistors  in  either  or  both  the 
lamp  and  switch  circuits.  Circle 
218  on  Reader  Service  Card. 


Phototube 
improved  version 

Radio  Corp.  of  America,  Harri¬ 
son,  N.  J.  The  new  multiplier 
phototube  6342-.\,  which  super¬ 
sedes  the  6342,  features  improxed 
pulse-height  resolution,  reduced 
transit-time  \ariation,  higher  cath¬ 
ode  luminous  sensitivitv,  higher 
current  amplifio^tion.  and  low  dark 
current  oxer  a  xx  iclcr  range  of  op¬ 
erating  voltages.  Design  features 
include  a  semitransparent  photo¬ 
cathode  on  the  curxed  inner  surface 
of  the  face  end  of  the  bulb,  a  mini¬ 
mum  photocathode  diameter  of 
1.68  in.,  a  faceplate  xvith  a  flat  ex¬ 
ternal  surface  to  facilitate  the 
mounting  of  flat  phosphor  crvstals 
in  direct  contact  xvith  the  surface, 
and  10  clcctrostaticallv  focused 
multiplying  stages.  Circle  219  on 
Reader  Serxice  Card. 


If  you  want  top-quality  pots  when  you  need  them,  you  could  make 
your  own!  Of  course,  you  II  need  Swiss  screw  machinery  to  produce 
the  cases  necessary  to  complete  the  job.  So  plunge  right  in  —  sign  up 
for  those  highly  precision  screw  machines  .  .  .  and  hang  the  cost! 

But  before  you  deplete  the  family  exchequer  with  a  grand  flourish  of 

the  pen.  come  to  Ace!  We’ve  already  token  the  plunge,  and  it’s  paid 

off.  These  machines  automatically  deliver,  at  high 

speed,  cases  with  mechanical  tolerances  closer  ^ 

than  .0002.  This  also  means  the  most  flexible  Hi 

production  operation  in  the  industry.  No  sub-  w 

contracted  parts  to  wait  for  —  xxe  design  our  own 

cams  to  any  special  size  and  shape,  and  we  run 

the  cases  ourselves,  on  a  24-hour  day  basis!  So 

for  dependable  delivery,  see  your  ACErep!  ~ ^ 

Here’s  one  o/  our  automatic-production  cases,  on  a  servo  mount  A.l.A, 
size.  /-///6"  ACEPOT^.  In-plant  production  on  cases  up  to  6". 


Pulse  Delay  Unit 
1 25-ohm  impedance 

Electrical  and  Physical  Instru¬ 
ment  Corp.,  42-19  27th  St.,  Long 
Island  City  1,  N.  Y.  Nexv  125-ohm 
fast  pulse  delay  units  xvith  step 


ELECTRONICS  ASSOCIATES.  INC. 

-  99  Oov«r  SlTMt,  SoM«rvlll*  44,  Mom. 
SOiMrMi  «.SIM  TMX  SMVl  Itl  W—t.  Umhm  WUX 


Anirlar*  Acaakine  A*»l.  fw 
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HOW 

ABOUT 

YOU? 


variable  pulse  delays  of  5,  10,  15, 
25,  50  and  100  millimicroseconds 
are  provided  for  matched  use  in 
pulse  systems  using  RG  65  '\} 
cable,  lire  characteristic  imped¬ 
ance  is  125  ohim»  and  the  attenua¬ 
tion  characteristics  as  a  function  of 
frcqucnc}'  arc  equivalent  to  the 
characteristics  of  RG  63  for 
the  same  delays.  Circle  220  on 
Reader  Service  Card. 


Do  you  know  that  many  cancers 
can  be  cured  if  detected  early? 
That  an  annual  health  checkup 
is  your  best  protection  against 
cancer? 

Are  you  giving  yourself  this 
big  advantage?  Or  are  you 
taking  chances  with  your  life 
because  of  foolish  attitudes 
about  cancer  like  these? 


INSURE  HEALTHY 
ELECTRICAL  PRODUCTS 


Make  sure  your  products  have  the 
exact  coil  specific  by  your  design 
engineers.  Every  Dano  coil,  regard¬ 
less  of  typ>e  or  quantity,  is  custom 
made  to  exact  specifications  — 
just  what  the  doctor 
ordered  to  insure 
j  jRv'  healthy,  trouble-free 
performance. 

Encaptulaled 

•  Bobbin 

•  Paper  Interleave 

J  •  Cotton  Interweave 
■  •  Form  Wound 

•  High  Temperature 

ALSO,  Trantformert 
r  ^®de-ro-Or</er/ 

Writs  todajr  fw  prtmpt  asalytlt 
sf  reur  rtsuirtments  — 

NO  OBLIGATION! 


Metal-Case  Meter 
1 .5  inch  square 

WacLine,  Inc.,  35  So.  Clair  St., 
Dayton  2,  Ohio,  announces  a  1  i  in. 
square  metal-casc  meter  for  elec¬ 
tronic  and  aircraft  equipment  ap¬ 
plication.  Prominent  features  in¬ 
clude  scaled  external  zero  adjuster 
and  twist-lock  type  glass-rublx;r- 
metal  case  seal.  The  bezel  is  die- 
cast  aluminum  alloy.  Circle  221 
on  Reader  Service  Card. 


DON’T 

EVEN 

MENTION 

THAT 

WORD! 


Fear  keeps 
some  people 
from  even  learning  cancer 
facts  that  can  save  their  lives. 
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NEVER  FELT 
BETTER! 


Checkups  help  to  detect  cancer 
in  its  “silent”  stage  before  you 
notice  any  symptom. 


Counter/Divider 
midget  size 

General  Time  Core.,  109  Lafay¬ 
ette  St.,  New  York  13,  N.  Y.  A 
single  incremag  unit  can  perform 
work  that  otherwise  requires  a  bat¬ 
tery  of  10  or  more  binary  type  units. 
Counting  and  dividing  Incremags 
are  applicable  in  missile  and  in¬ 
dustrial  fields  for  scaling,  comput¬ 
ing,  coding,  and  control.  Device 
has  a  maximum  count  rate  of  100,- 
000  jX-T  sec,  and  accepts  random 
or  uniformly  spaced  pulses.  One 
form  contained  in  a  1  in.  diameter 
by  IJ  in.  cylinder  can  accept  a 
1,000-cps  input  and  deliver  four  dif¬ 
ferent  outputs  (1,000,  100,  10  and 
1  pulse  per  sec.)  Circle  222  on 
Reader  Sersice  Card. 


Men  on  the  Move 

Now  available 

in  a  new  edition . . . 

with  new  figurei. 

This  popular  booklet  points  up  the 
important  sales  problem  of  personnel 
turnover  in  industry.  Out  of  every 
1,000  key  men  (over  a  12-month  pe¬ 
riod)  343  new  faces  appear  ...  65 
change  titles  ...  157  shift . . .  and  435 
stay  put.  These  figures  are  based  on 
average  mailing  address  changes  on  a 
list  of  over  a  million  paid  subscribers 
to  McGraw-Hill  magazines. 

Writ*  w<  for  «  h—  topf 

Company  Promotion  Department 

McGraw-Hill  Publishing  Co.,  Inc. 

330  West  42nd  Street, 

New  York  36,  New  York 


\  /  Dollars  you  spend 
I  for  the  protection 
I  of  your  health  can 

'  mean  years  of  life. 

Millions  of  Americans  have 
made  an  annual  checkup  a 
habit . . .  for  life.  How  about 
you?  c 

AMERICAN  CANCER  SOCIETY  f 
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Variable  Resistor 
subminiature 

Centrai-ab,  a  Division  of  Globe- 
Uiiion,  Inc.,  900  E.  Keefe  Ave., 
Milwaukee  1,  Wise.  Model  3  Ra- 
diohm,  a  subininiature  \ariable  re¬ 
sistor,  has  been  internally  rede¬ 
signed  to  increase  its  rating  from  i 
w  to  i  w.  It  utilizes  Centralab’s 
ICE  (Interfused  Composition  Ele¬ 
ment)  to  provide  exceptional  heat 
dissipation  and  electrical  stabilitv 
under  ses’erc  operating  conditions. 
Circle  223  on  Reader  Service  Card. 


Laboratory  Supply 
transistorized 

The  Refi.ectone  Core.,  Stamford, 
Conn.,  announces  a  new  highly- 
regulated  fully-transistorized  power 
supply.  Laboratory  t\'pe  PS-T-LV12 
prosides  a  continuously  satiable 
output  of  6  to  18  V  at  2  am¬ 
peres.  Load  regulation  is  0.3  per¬ 
cent  no  load  to  full  load,  and  line 
regulation  is  1.0  percent  for  a  105 
to  1 30  V  input.  Unit  is  as  ailablc  in 
rack  or  bench  mounting.  Circle  224 
on  Reader  Service  Card. 


Minified  Control 
self-contained 

Assembi-y  Products,  Inc.,  Chester- 
land,  Ohio.  A  new  control  occupies 
the  same  panel  space  as  a  standard 
4J-in.  indicating  meter,  and  it 
mounts  just  as  simply.  All  control 
components-including  power  sup- 
plv,  slase  relays,  interrupters,  capac¬ 
itors  and  resistors— arc  housed  in  a 
round  barrel  2S  in.  in  diameter  and 
approximately  4J  in.  deep.  Unit 
provides  continual  signal  indication 
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Transistor  Chopper 


The  Airpax  Type  6000  Transis¬ 
tor  Chopper  performs  a  switch¬ 
ing  operation  over  a  frequency 
range  of  0  (DC)  to  100  KC  with 
signal  levels  from  a  fraction  of  a 
millivolt  to  5  volts. 

Two  percent  linearity  at  signal 
levels  as  lew  as  1  millivolt  and 
noise  levels  comparable  to  mech¬ 
anical  choppers,  make  this  unit 
suitable  for  many  null  seeking 
applications. 

Fully  encapsulated,  the  trans¬ 
istor  chopper  is  substantially  im¬ 
mune  to  shock  and  vibration  and 
its  life  is  unlimited. 


CHARACTERISTICS 


Frsqusscy  . DC  to  100  KC 

Vsltofs  . . .  1  to  II  »slti  Pf 

Wavsfsm  _  SiM  ir  Sqsart 

Tsnptrators _ -40*to  +  80*C 

HsMidity  _ _ _  ts  100%  RH 

Shack  asd  VibratitR....100  6  to  2000  CPS 

Diametsr  . .  0.22  inch 

Laafth  _ _ _ _ _ _ _  0.S0  isch 


Wai|ht  _  1.00  |n. 


THE  AIRPAX  PRODUCTS  COMPANY 
JACKTOWN  ROAD;  CAMBRIDGE,  MARYLAND 
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Send  for 

FREE 

Catalog 


and  when  preset  limits  are  reached, 
it  triggers  control  action  by  appro¬ 
priate  equipment.  Either  high  or 
low  signal  limits  may  be  set  by  ad¬ 
justing  fixed  pointers.  Signals  from 
virtually  any  variable  may  be  con¬ 
trolled,  usually  without  amplifica¬ 
tion.  Circle  22^  on  Reader  Service 
Card. 


Coaxial  Switch 
highly  reliable 

Ai.ford  Mfc.  Co.,  299  Atlantic 
Ave.,  Boston  10,  Mass.  Type  1136 
coaxial  switch  is  a  rugged  and  re¬ 
liable  switch  for  3i  in.  rigid  coaxial 
transmission  line.  It  has  a  fre¬ 
quency  range  of  0-300  me  with  a 
vswr  under  1.05.  It  is  available  in 
both  motor-driven  and  manually- 
operated  models.  Crosstalk  through 
the  unused  branch  of  the  switch 
is  over  60  db  down  at  80  me,  and 
()\cr  40  db  down  at  500  me.  Circle 
226  on  Reader  Service  Card. 


Conductive  Cement 
100  percent  solids 

lloncniON  Laboratories,  Inc., 
i  Olcan.  N.  Y.  Ilysol  6250  is  a  new 
conducti\e  cement  based  on  epoxy 
resins.  Volume  resistivity  is  meas¬ 
ured  at  0.01  ohm-cm  at  25  C. 
Offering  excellent  bond  strengths 
to  most  materials,  it  is  particularly 
recommended  for  repair  of  printed 
circuits  and*  for  bonding  of  elec¬ 
trical  components  where  soldering 
can  not  Ik-  tolerated.  The  com¬ 
pound  will  cure  fully  in  24  hr  at 
room  temperature,  or  in  2  hr  at 
140  1’.  It  is  supplied  in  convenient 
kit  form.  Circle  227  on  Reader 
Service  Card. 


VTVM 

20  cps-20  kc 

Soi.ARTRON,  Inc.,  530  Cooper  St., 
Camden,  N.  J.  Model  VP  250-A 


January  2,  1959  -  ELECTRONICS 


RELP.o. 

*  } 

for  SMALL  PARTS  users 


Th«  ttary  it  in 
thoM  fwa  bulUtint: 

Small  zinc  allay  dia  cattingt  axclutively 
Injoctian  mald^  tiny  NYLON  (athar  plastic)  ports. 
GRC  axclusiv*  potantad  tochniquas  guarantoa  pro- 
cita  tolarancas  and  uniform  quality  .  .  .  offar  broad 
datign  flexibility.  GRC  saves,  too,  by  doing  it  in  one 
high-speed  operation  ...  no  trimming,  no  assembly, 
no  scrap  loss. 

That's  why  the  BIOGCST  PART  of  our  butinau 
it  the  LITTLE  PART  ...  in  the  product  you  moke. 
Write,  wire  or  phene  TODAY  for  these  bulletins, 
tetter  still  send  yeur  prints  for  quotation. 


Zinc  Alloy 
in  quantities  from 
100,000  to  millions, 
ntox.  size  W4",  V'z  oz 
Plastic  from  23,000 
max.  size  V/4",  .03  o: 
NO  SIZE  TOO  SMALL! 


n  arid  t  Foremost  Producer  of  5m, dl  Die  Cailiugs 

1SI  teechweed  Ave.,  New  Rochelle,  N.  Y.  •  NEw  Rochelle  3-tMO 
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s«nd  for  tho 
most  widoly  used 


EliCTROmC  SUPPLY  UUIDE 


ALLIED’S 

COMPLETE  452-PAGE 

1959  CATALOG 


your  bott  buying  guido  to 
tho  world’s  largest  slocks  of 
ELECTRONIC  SUPPLIES  FOR  INDUSTRY 

Simplify  and  speed  your  purchasing  of  elec 
tronic  supplies  and  equipment:  send  your  or 
ders  to  us  for  fast  shipment  from  the  world’s 
largest  stocks  of  electron  tubes  (all  types  and 
makes),  transistors,  test  equipment  (see  our 
money-saving  knight-kits),  audio  equip¬ 
ment  and  electronic  parts.  Our  expert  Indus¬ 
trial  supply  service  saves  you  time,  money 
and  effort.  Send  today  for  your  free  1959 
ALLIED  Catalog — your  complete  Buying  Guide 
to  quality  Electronic  Supplies  for  Industrial 
and  Communications  use.  _ 

ALLIED  RADIO 

100  N.  Weelorn  Ave.,  Dept.  1 1-A9 
Chicago  M,  lllinoit  _ _ 


e  Troesisters  t  Diedat 


e  Relays  t  Switches 


e  TraesfernMrs 


e  Tabes  (All  Types) 


e  Test  Eqeipmeat 
e  AN  Ceenecters 
e  Racks  A  Chassis 
e  Teels  A  Hardware 
e  KNIGHT  Pablic 
Address  A  Pagiag 
Systaois 

OEM  prices  evaileMe  on 
quantMy  pvrebotas 

OUR  38th  YEAR 
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TRANSISTORIZED 
TUNING  FORK 

FREQUENCY  STANDARDS 


TYPE  MAFC  —  Fr«qu«nqf  Standard 

*  Frequency  Range  Available:  360  cpt  to  4  kc 

*  Tolerances  %  ±:.0.2,  O.OS,  0.02,  0.01,  0.003** 

*  Temperature  Ranges:  — 20to+71*C 

—55  to  +100*C 
—55  to  +125*C 

*  Power  Supply  Voltage:  12  or  28  vdc  ±  15% 

*  Size:  •  Weight:  8  oz. 


TYPE  AFC  —  Fr«qu«ncy  Standard 

•  Frequency  Range  Available:  360  cps  to  4  kc 

•  Tolerances  %  ±:  0.2, 0.05,  0.02,  0.01,  0.005* 

•  Temperature  Ranges:  — 20  to  +71  *C 

—55  to  +100*C 
—55  to  +125*C 

•  Power  Supply  Voltage:  12  or  28  vdc  +  15% 

•  Size:  2Vi''x2^''x3J4"  •  Weight:  13  oz. 


TYPE  MAFCD  —  Frequancy  Standard 

•  Frequency:  60  cps 

•  Tolerances  %  ±:  0.2,  0.05,  0.02,  0.01,  0.005* 

•  Temperature  Range:  — 55  to +71  *C 

•  Wave  Shape:  Sine  w/less  than  1%  harmonic 
distortion 

•  Power  Supply  Voltage:  10  to  14  vdc 

•  Size:  4X*"x4K*''x4K«''  •  Weight:  4  lbs. 


TYPE  MFB  —  Frequency  Divider 

•  Ratios  Available:  2:1,4:1,5:1,8:1,10:1,16:1 

•  Temperature  Ranges:  — 20  to  +71*C 

—55  to  +100'C 

•  Power  Supply  Voltage:  12  or  28  vdc  ±  15% 

•  Size:  13i''xlJi''x2^"  •  Weight:  6  oz. 


TYPE  MFS  —  Frequency  Standard  for 
Laboratory  or  Field 

Type  MFS  is  a  small,  lightweight  frequency 
standard  that  can  replace  units  many  times 
its  size  without  sacrificing  fr^uency  stability. 
Internal  batteries  and  provisions  for  external 
power  supply  make  the  unit  ideal  for  either 


•  Frequency  Ranges  Available:  50  cps  to  4  kc 

•  Frequency  Stability:  2  parts  in  lO'/per  month 

•  Temperature  Range:  — 20to+71°C 

•  Size:  3J4'’x5K«''x5K*"  •  Weight:  2  lbs. 


resolved  component  indicator  dis¬ 
plays  on  two  separate  meters  the 
rms  tallies  of  both  in-phase  and 
quadrature  components  of  input  sig¬ 
nal  voltage  with  respect  to  a  given 
sine  wave  reference  voltage  of  the 
frequency.  The  instrument  is  well 
suited  for  applications  where  it  is 
necessary  to  obtain  indications  free 
from  errors  induced  by  phase  shift 
or  spurious  frequencies  or  har¬ 
monics.  Circle  228  on  Reader  Seiv- 
iee  Card. 


Converter 
d-c  to  d-c 


Poi.YTRON  Engineering  Inc.,  32 
\V.  Biddle  St.,  Baltimore  1,  Md. 
Model  PP  12/300  d-c  to  d-c  con¬ 
verter  uses  an  all  solid  state  circuit. 
It  has  a  nominal  output  of  300  v 
d-c  at  100  ma  for  a  12  v  d-c  input. 
'I  he  conicrtcr  is  ideal  as  a  plate 
supply  for  all  tvpies  of  communica¬ 
tions  and  telemetering  equipment, 
due  to  its  imall  physical  size,  and 
low  w'cight.  Circle  229  on  Reader 
Service  Card. 


These  toleroncct  ore  from 
absolute  frequency  under 
any  combination  of  the 
conditions  within  operotinq 
Specificotions.  For  specific 
opcrotinq  conditions  much 
closer  frequency  toieronccs 
mov  be  mointoincd.a 


Benson-Lf.hner  Corp.,  11930  W. 
Olvmpic  Blvd.,  Los  Angeles  64, 
Calif.  A  new  type  decimal  elec¬ 
tronic  counter  employs  a  logical 
scheme  which  allows  indication  of 
true  positive  and  negative  numbers, 
with  a  single  zero,  and  eliminates 
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circle  so  readers  service  card 


TYPE  MLS -Laboratory - 
Frequency  Standard 

Type  MLS  is  an  extremely  high  subiliry  lab¬ 
oratory  frequency  standard.  Ihe  clock  on  the 
panel  facilitates  easy  checking  of  stability. 

■  Frequency  Ranges  Available:  50  cps  to  4  kc 
( Multiple  Taps  Optional ) 

*  Frequency  Stability  Available:  5  parts  in  10’ 

■  Output:  10  watts  at  specified  frequency 

•  Input:  115  V,  50  cycles  to  400  cycles 

»  Size:  9' xl0"x7" _ »  Weight:  15  lbs. 

A  wide  variety  of  units  are  designed  to  comply 
with  the  most  severe  military  specifications. 

Manufactured  by 

ACCURATE  INSTRUMENT  CO. 

2422  BRANARD  ST. 
HOUSTON  6,  TEXAS 
JA  3-2712 


Electronic  Counter 
bidirectional 


the  problem  of  double  zeros  as 
would  be  cxp>erienccd  if  complc- 
mentar\  techniques  were  employed 
for  negative  number  indication. 
Range  of  the  counter  is  ±99999 
counts.  Counter  operates  at  rates 
up  to  50  kc.  Each  decade  of  the 
counter  may  be  set  to  a  predeter¬ 
mined  value  independently  of  the 
other  decades  and  the  entire  counter 
may  be  reset  to  zero  by  operation 
of  a  single  contact.  Circle  230  on 
Reader  Service  Caro. 


We’re  a  long  way  from  Valhalla,  legendary  home  of 
the  gods,  but  we’re  searching  for  such  men  as  were 

FAVORED  BY  VIDAR' 


jOwfrxf  who  was  Vidar?  Ancient 
^  Scandinavians  knew  him  as  the 
god  of  Wisdom  and  Science.  Son  of 
the  giantess  Grid  and  of  the  great 
king  of  gods,  Odin,  he  had  a  pene¬ 
trating  glance  which  read  all  secrets. 
To  certain  favored  mortals  he  im¬ 
parted  the  gifts  of  understanding 
and  scientific  knowledge. 

We  suspect  you  gained  your  scien- 
lific  skills  less  dramatically.  Your 
knowledge  may  have  been  derived 
from  study  and  from  five  to  ten 
years  of  tangible  accomplishment; 
we’ll  gladly  settle  for  this  more 
prosaic  method. 

But  —  and  here’s  the  important 
point  —  we  are  looking  particularly 
for  engineers  who  are  sparked  by 
mature  enthusiasm,  for  men  reluc¬ 
tant  to  label  a  project  “impossible”, 
for  men  eager  to  extend  their  pro¬ 
fessional  horizons. 

You  may  be  such  a  man.  Then  let 
us  invite  you  to  join  in  advanced 
work  which  may  help  to  shape  to¬ 
morrow’s  history.  As  a  long  term 
prime  contractor  for  the  Atomic 
Energy  Commission  we  offer  posi¬ 
tions  at  all  levels  of  responsibility  in 


design,  development  or  project  en¬ 
gineering. 

Especially  urgent  is  our  invitation 
to  electronics  engineers  who  are 
specialists  in  automation  or  elec¬ 
tronic  tube  application.  Experi¬ 
ence  in  any  of  the  following  fields  is 
valuable:  general  radar  type  circuitry 
involving  pulse  techniques,  band 
pass  amplifier  techniiiues,  standard 
and  stripline  microwave  techniques, 
and  suhminiaturization  using  plastic 
embedment  and  encapsulation  tech¬ 
niques. 

Although  we  promise  you  here 
none  of  the  nebulous  delights  of 
Valhalla,  we  do  have  unique,  worldly 
rewards  to  offer  both  you  and  your 
family.  It  will  cost  you  exactly  4c  to 
inquire. 

Mail  brief  confidential  resume  to; 

MR.  T.  H.  TILLMAN 

BENOIX  AVIATION  CORPORATION 

BOX  303-ET,  KANSAS  CITY,  MISSOURI 


KANSAS  CITY.  MISSOURI 


Millimeter  Products 
versatile  equipment 

Narda  Microwave  Corp.,  118- 
160  IlcTTicks  Road,  Mineola,  N.  Y., 
has  developed  a  complete  line  of 
electronic  test  equipment  for  the 
measurement  of  impedance,  at¬ 
tenuation,  and  other  microwave 
properties  within  the  millimeter 
waveguide  ranges.  Specific  equip¬ 
ment  in  K,  V,  Q,  M,  and  E  bands 
which  is  now  available  includes 
variable  wa\eguidc  attenuators, 
tuneable  waveguide  detectors,  high 
directivitv  directional  couplers,  im¬ 
pedance  meters,  vswr  amplifiers, 
terminations,  E-H  tuners,  frequency 
meters  and  waveguide  clamps  and 
stands.  Circle  231  on  Reader  Serv¬ 
ice  Card. 


Frequency  Standard 
transistorized 

Acciirate  Instrument  Co.,  2422 
Branard  St.,  Houston  6,  Texas. 
Tvjie  MAECD-3  is  a  transistorized, 
60  cvcle,  tuning  fork  controlled, 
frequency  standard  with  a  tolerance 
of  ±0.005  percent  under  all  of  the 
following  conditions:  temperature, 
—  55  to  +71  C;  power  supply  de¬ 
viation  from  10  to  14  v  d-c;  any 
variation  in  load  impedance;  opera¬ 
tion  in  anv  position.  Unit  will  de¬ 
liver  12  V  rms  into  a  100  K  lor.d 
with  less  than  1  percent  harmon  ■ 
distortion  and  will  maintain  at  least 
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WMimi 


COUNTING  TUBES 
FOR  RELIABLE. 

HIGH  SPEED  COUNTING 
APPLICATIONS 


pressure-sensitive  TEFLON*  tapes 
for  Class  H  &  C  insulation, 
non-stick  or  chemical  resistant  facing 

Temp-R-Tapes,  Teflon  with  a  silicone  polymer  adhe¬ 
sive,  provide  dielectric  strength  up  to  2750  v/m,  low 
power  factor,  a  temperature  range  of  —  100°F  to 
500°F  (— 75°C  to  250®C)  and  a  slippery,  low  fric¬ 
tion  or  chemical  resistant  surface.  Easy-to-apply,  just 
press  in  place.  Temp-R-Tapes  are  “called  out”  for 
many  electrical  and  electronic  insulating  applications, 
aircraft  and  general  industrial  mechanical  applications. 
1/4"  to  12"  wide,  .002"  to  .013"  thick.  From  stock. 

•  du  Pont  T.M. 

FREE  SAMRIE  and  data  .  .  write,  phone  or  use  inquiry  service. 


Baird-Atomic  uses  DEKATRON  glow  transfer  tubes 
in  all  instruments  where  counting  and  read-out  are  re¬ 
quired.  A  typical  application  is  the  Atomic  Instrument 
Line’s  Model  134  &aler  for  ultra-high  speed  counting 
of  beta  and  gamma  radioactivity  ...  up  to  1,000,000 
counts/minute!  The  input  circuit  incorporates  a  fast, 
constant-sensitivity  Schmitt  discriminator  driving  a 
beam  switching  decade  with  glow  tube  read-out . . . 
6  DEKATRONS. 

You  too,  can  count  on  DEKATRON  for  reliable 
performance.  For  detailed  information  request  Data 
Sheet  IC  4001. 


CIRCLE  32  READERS  SERVICE  CARO 


It'll  get  there  quicker  if  you 
give  your  postal  delivery  zone 
number  with  your  address. 


The  Post  Office  has  divided 
106  cities  into  postal  delivery 
zones  to  speed  moil  delivery. 
Be  sure  to  include  zone  number 
when  writing  to  these  cities;  be 
sure  to  include  your  zone 
number  in  your  return  address 
—after  the  city,  before  the 
state. 


FROM  DESIGN  TO  PRODUCTION 

Stock  Reflectors  —  solid  spun,  4  in. 
to  10  ft.  in  diameter  •  mesh,  4  ft.  to  18  ft. 
in  diameter  *  larger  sizes  or  special 
shapes  on  request. 

Antennas  —  up  to  10,000  me 
Large  Waveguide  Components 


Prompt  Delivery  of  any  type  antenna  or  reflector 
—  precision  built  to  your  specifications. 
Write  for  technical  data. 


inslie 


3i2  Quincy  Ave.,  Quincy,  Massachusetts 

CIRCLE  53  READERS  SERVICE  CARD 
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H  :  a*  ^  R 

±2  percent  voltage  regulation  into 
a  fixed  load  under  all  conditions. 
Size  is  4A  in.  by  4A  in.  by  4A  in. 
Circle  2B2  on  Reader  Service  Card. 


Telephone  Relay 
hermetically  sealed 

Kurman  Electric  Co.,  191  Newel 
St.,  Brooklyn  22,  N.  Y.  Series 
SM-400  hermetically  sealed  minia¬ 
ture  telephone  relay  operates  on 
400  cps.  Various  contact  arrange¬ 
ments  are  a\'ailablc  up  to  4  pdt. 
Contacts  are  rated  at  5  amperes, 
115  V  a-c,  or  28  v  d-c  0.5  ampere. 
Contact  resistance  is  less  than 
0.050  ohm.  The  series  SM  will 
meet  requirements  of  MlL-R-5757 
B.  Circle  253  on  Reader  Service 
Card. 


The  bif  plus  factor  in  all  Bowmar  de¬ 
signed  components  and  assemblies  is 
KUAIILITY.  You  can't  hear  it,  touch  it 
or  see  it . . .  but  it’s  there,  your  Bowmar 
insurance  policy  against  performance 
mediocrity  or  failure. 

When  your  project  calls  for  precision 
counting  or  indicating  devices  . . .  prKi- 
Sion  gearheads  or  speed  reducers  .  .  . 
precision  electromechanical  assemblies, 

Bowmar  is  the  firm  most  experienced  and 
best  equipped  to  design  and  produce  them 
for  you. 

Bowmar  has  the  facilities  and  know  how 
to  manufacture  these  devices  in  quantities 
from  single  prototypes  to  thousands  .  .  . 
all  to  your  most  demanding  performance 
requirements. 

SEND  NOW  FOR  lOWMAR  NANDOOOK  358 


PRECISION 

COUNTING 

DEVICES 


PRECISION 
GEARHEADS 
AND  SPEED 
REDUCERS 


fort  Woyno^  Indiofio 
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Shift  Register 
one  core  per  bit 

Epsco,  Inc.,  588  Commonwealth 
Avc.,  Boston  15,  Mass.  Model 
SR-60P  is  a  one  eore  per  bit  mag¬ 
netic  shift  register  capable  of  opr- 
crating  at  frequencies  up  to  250  C 
and  designed  to  be  transistor  driven. 
Unit  measures  A  in.  by  |  in.  by 
I  in.  Circle  234  on  Reader  Service 
Card. 


expecting  a  check? 


You’ll  get  it  quicker  if  you  gave  your  postal 


delivery  zone  number  with  your  address, 


The  Post  Office  has  divided  106  cities  into 


Current  Probe 
14kc  to  100  me 

SroDOART  Aircraft  Radio  Co., 
Inc.,  6644  Santa  Monica  Blvd., 
llollvwood  38,  Calif.  Model 
91550-1  current  probe  is  a  clamp-on 
tvpe  r-f  current  transformer.  It  is 
an  accessory  dexice  used  with  cali¬ 
brated  radio  interference  measuring 
equipment  to  accurately  determine 
the  intensitv  of  r-f  current  present 
in  an  electrical  conductor  or  group 
of  conductors.  Frequencx'  range  of 
probe  is  from  14  kc  to  100  me; 
direct  connection  to  conductor  is 
not  required.  It  measures  con- 


postal  delivery  zones  to  speed  mail  delivery. 


Be  sure  to  include  zone  number  when  writing 


to  these  cities;  be  sure  to  include  your  zone 


number  in  your  return  address — after  the  city, 


before  the  state. 
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Get  out  your  pencil  and  help  yourself  Jq^ 

electronics  READER  SERVICE 

•  »  f  V  •  •  •  .  t 

if s  free— if s  easy— 
ifs  for  your  convenience 

I 

Use  these  handy  READER  SERVICE  CARDS  for  more 
information  on:'  '  '  .  •  ,  • , , 


A - 

;  FOR  SPECIFIC  ITEMS  IN  i 
MULTI-PRODUCT  ADVERTISEMENTS 

for  moro  infermation  orr  ipacifk 
in  muM-prediKt  adv«r1isMi«nf(,  print  earn- 
fully  on  tho  Roodor  Sorvico  Cord  bolow  in 
lei  "A"  the  circle  number  ef  tbe  edver- 
tiiement'  end  tbe  ipedfic  ’  preduct(i)  en 
which  you  detlre  mere  infermetien. 


ADVERTISEMENTS-NEW  PRODUCTS- 
LITERATURE  OF  THE  WEEK 

1 —  Circle  the  number  on  the  postpaid  cord  below  that 
corresponds  to  the  number  at  the  bottom  of  Adver* 
tisement.  New  Product  item,  or  Literature  of  the 
Week  selection. 

2 —  Please  print  carefully,  os  it  is  impossible  to  process 
^  cords  that  ore  not  readable. 

Additional  Postage  MUST  be  added  to 


P — -HOW  TO  SUBSCRIBE-^ - 

'  ‘  TO  electronkt 

If  you  or*  not  a  tubKribor  ond  you 
dociro  to  rocnivo  oloctronin  ro^u* 
lorly,  fill  In  tho  Mction  "FOR  SUS- 
SCRIFTIONS"  on  cord  bolow 

Sond  no  monoy,  oloctronics  will  bm 
you  at  tho  oddrou  indicotod  on  tho 
Roodor  Sorvico  Cord. 


cards  for  all  FOREIGN  MAILINGS 
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POSITION 


COMPANY 


ADDRESS 


DOMESTIC 


CANADA 

FOREIGN 
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CIRCLE  THESE  NUMBERS  WHEN  YOU  ARE 
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FOR  SUBSCRIPTIONS: 

(CHECK  ONE  SOX) 


□  I  yr.  -  S  6  00 

□  2  yri.  -  $  9.00 

□  3  yr».  -  S12.00 

□  1  yr.  -  SIO.OO 

□  1  yr.  -  $20.00 


Product(i)  monufocturnd: 


or  Sorvico(i)  Pirformud; 


Circle 

No. 


Product 


JAN  2-59 

CARO  EXPIRES 

MAR  2.59 


electronics  •  READER  SERVICE  CARD  *  PIiom  Print  Cornfully 


YOUR 

NAME 
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ADDRESS _ 
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DOMESTIC 


CANADA 

FOREIGN 


□  1  yr.  -  S  6.00 

□  2  yr*.  -  $  9.00 

□  3  yn.  -  $12.00 

□  1  yr.  -  $10.00 

n  1  yr.  -  120.00 


Product(i)  monufocturud: 


or  Sorvicn(t)  Pirformad; 


Circio 

No. 


Product 


ONE! 


In  every  industry  there’s  always  Research/Production/ 
ONE  accepted  Product  and  Management  Engineers,  who, 


Data  Buying  Book ••  .In  elec- 
tronics  it’s  the  BUYERS' 
GUIDE  —  fundamental  in  any 
sales  program  aimed  at  the 


individually,  or  working  in  com¬ 
bination  with  one  another, 
influence  the  purchase  of  prod¬ 
ucts,  materials  and  services  •  •  • 


electronics  and  allied  Indus-  whatever  is  bought  by  the 
tries.  Its  52,000  paid  subscrib-  entire  industry. 


ers  are  important  Design- 


entire  industry. 
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ducted  radio  interference  currents 
in  accordance  with  militarv'  specifi¬ 
cation  MIL-I-26600  (USAF).  Cir¬ 
cle  235  on  Reader  Service  Card. 


Precision  Components  . . .  another  Kearfott  c&pability. . 


high- 

temperature 

components 


Solenoid 
high-speed  unit 

'Felecomputing  Corp.,  915  North 
Citrus  Ave.,  Los  Angeles  38,  Calif. 
'ITie  compact  R.S.5174  solenoid  is 
designed  to  operate  with  a  24-lb 
load.  The  start  of  the  0.020  in. 
stroke  occurs  at  a  maximum  of 
14  millisec.  and  it  completes  its 
tra\el  in  less  than  20  millisec  from 
circuit  closing.  1  he  unit  is  specified 
for  operation  in  an  ambient  tem¬ 
perature  range  of  from  —65  to 
-f-160  F.  Voltage  rating  is  24  v  d-c 
at  78  F.  Circle  236  on  Reader  Serv¬ 
ice  Card. 


Beam  Power  Tube 
forced-air-cooled 

Radio  Corp.  of  America,  Harri¬ 
son.  N.  J.  Type  7213  forced-air¬ 
cooled  beam  jjower  tube  is  designed 
for  use  as  a  linear  r-f  power  ampli¬ 
fier  and  as  a  class  C  r-f  power  ampli¬ 
fier  in  airborne  and  fixed  station 
equipment.  The  tube  can  be  used 
with  full  ratings  at  frequencies  up 
through  the  Aeronautical  Radio- 
Navigation  band  of  960  to  1,215 
me.  Circle  237  on  Reader  Service 
Card. 


Kearfott  components  for  missile  and 
aircraft  systems  can  provide  opti¬ 
mum  performance  at  temperatures 
as  high  as  200*C.  Moreover,  this 
peak  performance  is  unaffected  by 
2000-cps  vibration  and  60-G  shock. 

Kearfott’s  compact,  light-weight 
and  corrosion-resistant  components 
provide  this  consistent  record  of 
accuracy: 

Synchros:  Sizes  8  through  25.  Errors  as 
low  as  20  seconds  from  E.  Z. 

Motor- generators:  Sizes  8  through  18. 

Linearity  of  0.01%. 

Servomotors:  Sizes  8  through  25. 

Wound  for  transistorized 
amplifiers. 

Kearfott  research  is  continually  developing  even  more 
accurate  and  more  durable  components . . .  preparing  for  the 
needs  of  tomorrow.  For  details,  write  today  or  contact 
your  nearest  Kearfott  sales  office. 

CngffiMrs:  Kearfott  off  era  challenging  ovportunitiea 
in  advanced  component  and  ayatem  development. 


Kfia^U 


KBARFOTT  COMRANV,  INC.,  I.ITTLB  FALLS.  N.  J. 

A  Subtidiory  el  Cenefol  PredMOn  tqwipieent  Corporation 
Solot  end  Inpinooring  Ollkn  )37S  Main  A*o  CliHen.  N.  I. 
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MATERIALS 

Ceramic  Parts.  CFI  Corp.,  Cot¬ 
tage  Place,  Mineola,  N.  Y.  Bul¬ 
letin  958  discusses  the  company’s 
facilities  for  the  design,  prototype 
development,  and  production  of 
such  high-temperature  ceramics: 
components,  ceramic-to-metal  vac¬ 
uum-tight  composites,  glass-to- 
metal  seals  and  specialized  body 
compositions.  Circle  250  on  Reader 
Service  Card. 

COMPONENTS 

Indicator  Lights.  The  Sloan 
Co.,  4101  Burbank  Blvd.,  Burbank, 
Calif.  Catalog  A-58  describes  in 
detail  the  complete  line  of  Color- 
Lite  subminiature  incandescent  in¬ 
dicating  lights  and  accessories. 
Circle  251  on  Reader  Service  Card. 

Switch  Engineering  Data.  Cherrv 
Electrical  Products  Corp.,  1650 
Deerfield  Rd.,  Highland  Park,  Ill. 
Detailed  information  for  snap- 
action  switch  use  in  cam  applica¬ 
tions  is  described  in  a  new  bulletin. 
Circle  252  on  Reader  Service  Card. 

Synchro  Testing.  I’heta  Instru¬ 
ment  Corp.,  48  Pine  St.,  East 
Paterson,  N.  J.  A  14-page  techni¬ 
cal  bulletin  describes  in  detail 
many  synchro  test  methods.  It 
emphasizes  the  application  of  the 
synchro  and  resolver  bridge  for 
both  component  and  system  meas¬ 
urements.  Circle  255  on  Reader 
Service  Card. 

Power  Packs.  Electronic  Meas¬ 
urements  Co.,  Inc.,  Eatontown, 
N.  J.  Bulletin  350A,  an  up-to-date 
version  of  the  original  four-page 
bulletin,  includes  new  models  and 
complete  specifications.  Models 
are  listed  according  to  application: 
transistor  and  lab  work,  automatic 
control,  computer,  and  general 
utility.  Circle  254  on  Reader  Serv¬ 
ice  Card. 

Selenium  Rectifiers.  Syntron 
Co.,  241  Lexington  Ave.,  Homer 
City,  Pa.,  has  published  an  eight- 
page  catalog  giving  complete  de- 
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without 

fail 


assured  by  NIC  AD 


sintered  plate  batteries 


Missiles  must  not  fail  to  function  instantly,  on  demand. 


NIC  AD  Sintered  Plate  Batteries — with  an  outstanding 
record  of  proven  reliability  under  severe  environmental 


conditions — were  cho<en  for  use  on  several  missiles  to 


provide  the  power  that  guarantees  ready  performance. 


This  same  reliability  has  made  NIC  AD  Batteries  first 
choice  in  other  fields  where  there  can  be  no 


compromise  with  perfect  function  ...  on  guidance 
systems  .  .  .  communications  and  data  processing 
equipment  .  .  .  alarm  and  signal  systems  .  .  .  aircraft 


engine  starting 
NICAD  Sintered  Plate  Batteries  are  available  in 
capacities  from  ampere  hour  and  feature  sustained 
voltage  at  heavy  discharge  rates.  They  are  capable  of 
rapid  charge  acceptance  .  .  .  have  a  maximum  discharge 
current  up  to  25  times  the  rated  ampere  hour  capacity. 
Internal  resistance  is  extremely  low,  and  vibration 
resistance  is  excellent.  They  can  be  discharged  in  any 
position.  Charge  retention  is  exceptionally  high, 
and  there  is  no  known  limitation  either  to  cycle 
or  storage  life. 

NICAD  Batteries  are  “missile  quality” — delivering 
high  level  performance  adaptable  for  a  wide  range 
of  purposes. 

Ask  us  for  complete  information.  NICAD  Division. 
Gould-National  Batteries,  Inc.,  Easthampton,  Mass, 
Offices  in  New  York,  Chicago,  San  Francisco, 


NICKiL  CADMIUM 
ALKALINE 

STORAGE  BATTERIES 


the  Week 

sciiptions,  data  and  specifications 
for  a  full  line  of  h-v  glass  or 
phenolic  tube  cartridge-type  sele¬ 
nium  rectifiers.  Circle  255  on 
Reader  Sen  ice  Card. 

EQUIPMENT 

Aiitoinatic  Programming.  Rem¬ 
ington  Rand  Univac  Div.,  Sperry 
Rand  Corp.,  315  Fourth  .\ve..  New 
York  10,  N.  Y.  \  method  of  trans¬ 
lating  automatically,  at  electronic 
speed,  tlie  flow  chart  of  a  systems 
expert  into  the  language  of  the 
Uni\ac  II  data-automation  system 
is  described  in  booklet  111350.  Cir¬ 
cle  256  on  Reader  Service  Card. 

Test  Instninients.  Hewlett- 
Packard  Co.,  275  Page  Mill  Road, 
Palo  .Mto,  Calif.  A  wide  variety 
of  measuring  equipment  is  illus¬ 
trated  and  described  in  a  16-page 
catalog.  Prices  are  included.  Circle 
257  on  Reader  Service  Card. 

Microwave  F.quipincnt.  Sperrv 
Microwave  Electronics  Co.,  Great 
Neck,  N.  Y.,  has  published  a  cata¬ 
log  describing  latest  weapon  system 
supjxrrt  equipment,  ferrite  devices, 
microwave  subsystems,  antennas, 
system  components,  radar  test 
equipment,  and  precision  micro- 
wave  instruments.  Circle  258  on 
Reader  Service  Card. 

Transistorized  Memory.  General 
Ceramics  Corp.,  Kcasbey,  N.  J. 
An  engineering  data  sheet  contains 
complete  application  and  perform¬ 
ance  data  on  the  transistorized 
sequential  load-unload  H4  charac¬ 
ter  memory  system.  Circle  259  on 
Reader  Service  Card. 

FACILITIES 

Environmental  Chambers.  Con¬ 
rad,  Inc.,  141  Jefferson  St.,  Con¬ 
rad  Square,  Holland,  Mich.  A  6- 
page  brochure  shows  the  company’s 
walk-in  environmental  chambers 
for  temperature,  altitude  and 
humidity.  It  describes  complete 
missile  test  facilities  and  com¬ 
ponents  testing  units.  Circle  260 
on  Reader  Service  Card. 


in  test  equipment! 


HEATHKITS 
GIVE  YOU 
TWICE  AS  MUCH 

equipment  for 
every  dollar 
invested 


The  famous  model  V-7A  Vacuum- 
Tube-Voltmeter  Is  a  perfect 
example  of  the  high-quality 
Instruments  available  from  Heath 
at  y,  the  price  you  would  expect 
to  pay  I  Complete  _  __ 

oni;  ^2452 


Get  the  most  out  of  your  test  equipment  budget  by  utilizing  HEATHKIT 
instruments  in  your  laboratory  or  on  your  production  line.  Get  high 
quality  equipment,  without  paying  the  usual  premium  price,  by  dealing 
directly  with  the  manufacturer,  and  by  letting  engineers  or  technicians 
assemble  Heathkits  between  rush  periods.  Comprehensive  instructions 
insure  minimum  construction  time.  You’ll  get  more  equipment  for  the 
same  investment,  and  be  able  to  fill  your  needs  by  choosing  from  the 
more  than  100  different  electronic  kits  by  Heath.  These  are  the  most 
popular  "do-it-yourself"  kits  in  the  world,  so  why  not  investigate  their 
possibilities  in  your  particular  area  of  activity!  Write  for  the  free 
Heathkit  cataiog  now! 


Contains  detailed  descriptions 
of  Heathkit  models  available, 
Including  VTVM's,  scopes, 
generators,  testers,  bridges, 
power  supplies,  etc. 


FREE  catalog 

Mall  coupon  below  for 


your  copy— Nowl 


Also  describes  Heathkit  ham 
gear  and  hi-fi  equipment  in 
Ut  form,  too  interesting  and 
.profitable  "do-it-yourself" 
proiectsi 


HEATH  COMPANY 

A  SUBSIDIARY  OP  DAYSTROM,  INC, 
BENTON  HARBOR  1A,  MICHIOAN 

Mew 

Attsts _ _ _ 
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PLANTS  AND  PEOPLE 


Corning  Glass  Adds  Facility 


A  MODERN,  multimillion-dollar  electronic  plant  was  recently  placed  in 
operation  in  Bradford,  Pa.,  by  Corning  Glass  Works. 

Covering  more  than  142,000  sq  ft  of  production  and  office  space,  the 
new  facility  produces  glass  re.sistors,  capacitors  and  other  electronic 
parts.  Most  of  its  products  are  thimble-size  components  for  uses 
ranging  from  radio  and  tv  sets  to  guided  missiles. 

Plant  is  the  tenth  new  manufacturing  facility  constructed  by  Cor¬ 
ning  Glass  Works  in  the  past  ten  years.  Factory  employs  nearly  500 
persons,  compared  to  a  staff  of  55  in  Bradford  only  three  years  ago. 

Corning  has  been  making  glass  capacitors  since  World  War  II  when 
company  research  scientists  developed  a  method  of  forming  glass  rib¬ 
bon  only  a  thousandth  of  an  inch  thick.  The  ribbon  made  possible  the 
glass  capacitor  in  which  the  glass  substituted  for  hard-to-obtain  nat¬ 
ural  mica. 

Born  out  of  military  need,  the  glass  capacitor  has  maintained  a  grow¬ 
ing  role  in  peacetime  electronics.  This  Corning  credits  to  the  capaci¬ 
tor’s  simple  design,  precise  electrical  characteristics  and  stability  at 
temperatures  up  to  570  F. 

Other  Bradford  products  include  power  resistors  up  to  five  feet  long 
and  tiny  glass  level  switches  used  in  connection  with  gyroscopes  for 
ships,  planes  and  missiles. 


Kelvin  Electric 
Expands  Plant 

Acquisition  of  an  additional  3,000 
sq  ft  building  adjacent  to  existing 
plant  facilities  of  Kelvin  Electric 
Co.,  Van  Nuys,  Calif.,  was  recently 
!  announced.  The  added  area  is  being 

f  utilized  for  engineering  and  pro¬ 

duction  of  electric  wave  filters  and 
♦oroid  inductors  and  transformers. 

Kelvin’s  staff  now  numbers  more 
than  50,  and  with  accelerated  pro¬ 
duction  of  firm’s  lines  of  precision 
wire-wound  resistors,  additional 
equipment  has  been  installed  for 
humidity  and  temperature  cycling 
programmed  to  meet  military  re¬ 
quirements  and  individual  custo¬ 
mer’s  specific  requirements.  Com¬ 


pany’s  resistors  are  used  in  the 
instrument,  computer  and  missile 
fields. 

Bradley  Labs 
Changes  Name 

Bradley  Laboratories,  Inc.,  op¬ 
erating  under  that  name  since  in¬ 
corporation  in  New  Haven,  Conn., 
nearly  twenty  years  ago,  will  hence¬ 
forth  be  known  as  the  Bradley 
Semiconductor  Corp. 

According  to  president  Charles 
D.  Bradley,  company  progress  in 
recent  years  has  called  for  a  name 
more  descriptive  of  the  Bradley 
line  of  current  rectifiers,  diodes, 
modulators  and  arc  suppressors. 

The  name-change  is  also  in  antici¬ 


pation  of  the  Bradley  organization’s 
impending  move  into  new  plant 
facilities  now  nearing  completion 
in  nearby  Hamden,  Conn.,  designed 
to  accommodate  the  company’s  ex¬ 
panded  production  activities  in 
silicon  and  other  metallic  rectifiers. 

Hogan  Labs  Lists 
New  Assignments 

George  M.  Stamps,  assistant  chief 
engineer  for  Hogan  Laboratories, 
Inc.  of  New  York  City,  which 
specializes  in  graphic  instrumenta¬ 
tion,  communications,  data  hand¬ 
ling  and  high  speed  facsimile,  has 
been  given  the  additional  title  of 
director  of  technical  sales.  He  will 
divide  his  time  between  these  as¬ 
signments. 

Also,  John  V.  Hogan  was  re¬ 
cently  elected  secretary  of  the  com¬ 
pany.  He  is  the  son  of  John  V.  L. 
Hogan,  president  of  the  Labora¬ 
tories.  and  with  John  W.  Smith, 
chief  engineer,  is  active  in  the  ad¬ 
ministration  of  the  engineering  de¬ 
partment. 


Name  Brooks 
To  EIA  Board 

President  of  The  Siegler  Corp., 
John  G.  Brooks  has  been  named  to 
the  board  of  directors  of  the  Elec¬ 
tronic  Industries  Association. 

Brooks,  as  president  of  The 
Siegler  Corp.,  heads  an  industrial 
complex  with  $73  million  sales 
annually,  predominantly  in  the  elec¬ 
tronic  field.  Divisions  of  the  cor¬ 
poration  active  in  both  military  and 
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ENGINEERS  AND  SCIENTISTS 


ELECTRICAL  •  MECHANICAL  •  CHEMICAL 
SALES  and  INDUSTRIAL  ENGINEERS 
CHEMISTS  •  PHYSICISTS 


The  Sprague  Electric  Company  has  openings  for  professional  personnel  desiring 
careers  with  the  leading  supplier  of  basic  electronic  components.  Secure  oppor¬ 
tunities  are  available  for  qualified  men  in  an  organization  which  has  continued  to 
expand  over  the  last  32  years. 

Challenging  projects  exist  in  the  research,  development  and  engineering  of 
basic  electronic  components  including  transistors,  and  of  subassemblies  of  these 
com{>onents  and  in  packaged  circuits. 

Our  chemists  and  physicists  work  on  the  evaluation  of  materials  going  into 
these  components  and  on  basic  concepts  underlying  the  design  of  advanced 
electronic  parts. 

Our  engineers  design  and  plan  the  production  of  our  products  and  also  work 
intimately  with  our  customers’  engineers  on  the  development  of  the  finished 
electronic  equipment. 

Sprague’s  headquarters  and  major  laboratories  are  in  the  attractive  Berkshire 
Hills  area  of  Northwestern  Massachusetts  where  summer  and  winter  sports  are 
available.  Nearby  Williams  College  provides  an  academic  atmosphere  with  oppor¬ 
tunities  for  advanced  degrees  provided  at  Company  expense.  Tuition  reimburse¬ 
ment  is  also  available  at  Rensselaer  Polytechnic  Institute. 


TO  ARRANGE  AN  INTERVIEW,  WRITE 
JOHN  SCHIMMEL  III,  EXECUTIVE  ENGINEER 


SPRAGUE  ELECTRIC  COMPANY 

NORTH  ADAMS,  MASSACHUSETTS 
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send  for  this 


EICO 

Electronics 

Catalog 


33  00  N  Blvd  ,  L  I.  C  1.  N  Y 
praised  by  the  experts 
as  BEST  BUYS  IN  ELECTRONICS 


'^eica 


commercial  electronic  work  include : 
Hallamore  Electronics,  Anaheim, 
Calif. ;  Olympic  Radio  &  Television, 
Long  Island  City,  N.  Y.;  David 
Bogen  Company  and  Presto  Record¬ 
ing  Company,  Paramus,  N.  J. 


tr2)nsist0f;  coolers 


standardized  for  immediate  shipment 
in  module  and  strip  form 


These  compact,  lightweight  aluminum  units 
prevent  thermal  runaway  in  electronic  circuits 

.  .  .  hold  transistor  junction  temperature  safely _ 

within  design  limits.  Heat  is  conducted 
through  the  oase  mounting  plate  and  is  dissi-  ' 
pated  by  cooling  air  passing  through  the  tins. 

Modine  Bulletin  ID- 158  contains  perform-  m  m  k 

ance  data  and  application  information  on  these  •.  MANUI 
efficient  coolers.  For  full  details  on  standard  ■■■■■ 

and  custom-built  models,  write  Electronic 
Cooling  Dept.,  Modine  Manufacturing  Co., 

1602  DeKoven  Avenue,  Racine,  Wisconsin. 
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Sprague  Adds 
To  Field  Staff 


William  L.  Dudley  has  joined  the 
semiconductor  field  engineering 
staff  of  the  Sprague  Electric  Co. 
He  will  serve  under  James  Balders- 
ton,  who  heads  up  the  field  engi¬ 
neering  group  at  Sprague’s  Con¬ 
cord,  N.  H.,  semiconductor  facility. 

Dudley  was  formerly  an  engineer 
with  the  Long  Lines  Department  of 
the  American  Telephone  and  Tele¬ 
graph  Co. 


NEW  from 
SYSTRONI 


Modal  1240 

•  Truo  RMS  rogardlois  of 
wavoform 

•  ±0.1%  (of  Reading) 

Accuracy 

•  Linear  DC  output 

•  SO  CPS  to  10,000  CPS 
frequency  retponae 

•  0.5  second  time  response 

•  Low  output  impedance 

•  High  input  impedance 

Now,  for  the  first  time,  laboratory  standard 
accuracy  rcadines  of  AC  voltaces  (from  20 
millivolts  to  300  volts)  are  achieved  without 
sluRKishness,  excessive  loading,  and  non¬ 
linear  scales.  Model  1240  provides  a  precision 
DC  output  directiy  proportional  to  the  TRUE 
RMS  of  an  appli^  AC  voltage  regardless  of 
the  waveform  of  the  input.  Linear  DC  out¬ 
put  has  low  impedance  .for  meter,  analog 
recorder,  data  processing  system.  Combined 
with  DC  digital  voltmeter  operates  as  preci¬ 
sion  AC  digital  voltmeter. 

Prie*  F.O.B. 

Concord 


you  save  50%  on  Top-Quality 

Test  Instruments 
Hi-Fi  •  Ham  Gear 


for  profossional  and  home  use 

TEST  INSTRUMENTS  (  HI-FI 
battery  eliminators  •  sterea  and  aianaural 
battery  testers  •  tuners 
bridges  S  preamplifiers 

decade  boxes  {  power  amplifiers 
electronic  switch  •  Integrated  amplifiers 
flyback  tester  S  speaker  systems 
OKilloscopes  S 
probes  •  H«M  6EkR 

Signal  and  •  cw  transmitter 

sweep  generators  '  modulator-driver 
tube  testers  ■  grid  dip  meter 

transistor  tester  • 
vacuum  tube  S  OVER  IVt  MILLION 
voltmeters  {  EICO  instruments  In 
volt-ohm-  •  use  throughout 

milliammeters  ■  the  world. 

LIFETIME  service  and  calabration  guarantee. 
IN  STOCK  at  your  neighborhood  EICO  dealer. 

Send  now  for  FREE  catalog  E-i 


Ballard  Takes 


New  Position 

Systems  Research  Laboratories, 
Inc.  of  Dayton,  Ohio,  has  appointed 
James  W.  Ballard  to  the  position 


9S0  CALINDO  STREET*  concord.  CALIFORNIA 
REFRESENTATfVES  IN  FRINCtPAL  CITIES 
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of  staff  scientist.  He  joins  the 
organization  with  twenty-five  years’ 
experience  in  research  accumulated 
in  industry  and  academic  institu¬ 
tions.  Most  recently  he  was  with 
the  Wright  Air  Development  Center 
as  chief  of  advanced  developments 
in  the  Electronic  Components 
Laboratory. 


News  of  Reps 

Two  new  technical  sales  reps  are 
named  by  the  Vernistat  Division, 
Perkin-Elmer  Corp.,  Norwalk, 
Conn.  Avionics  Liaison,  Inc.,  of 
Seattle,  Wash.,  will  handle  the 
Washington  and  Oregon  territory. 
Eder  and  Associates  of  Milwaukee, 
Wise.,  will  cover  Wisconsin,  Min¬ 
nesota,  northern  Illinois  and  east¬ 
ern  Iowa. 

Burnell  &  Co.,  Inc.,  Pelham,  N.  Y., 
appoints  Dave  Launt  as  sales  rep 
for  the  Syracuse,  N.  Y.,  area;  Ray¬ 
mond  E.  Vinson,  for  the  Colorado, 
New  Mexico,  Utah  and  Wyoming 
area. 

Tally  Register  Corp.,  Seattle, 
Wash.,  developer  of  digital  data 
systems  and  related  input-output 
equipment,  has  appointed  H.  W. 
Ruby  &  Associates  of  La  Canada, 
Calif.,  for  sales  representation  in 
California,  New  Mexico,  Arizona 
and  Nevada. 

Technitrol  Engineering  Co.,  Phila¬ 
delphia  manufacturer  of  pulse 
transformers,  delay  lines  and  com¬ 
puter  equipment,  names  the  Jack 
Geartner  Co.  of  Miami  Beach  as 
its  sales  rep  in  Florida. 

Lloyd  F.  Murphy  &  Associates  of 
Minneapolis,  Minn.,  is  appointed 
to  represent  H.  H.  Buggie,  Inc., 
Toledo,  Ohio,  manufacturer  of 
electronic  connectors,  cable  assem¬ 
blies  and  component  parts  for  the 
aircraft,  missile,  communications 
and  electronic  industries. 

Electronic  Associates  Inc.,  Long 
Branch,  N.  J.,  recently  signed  up 
the  following  reps: 

Electro-Sales  Associates  in 
Cleveland,  Ohio,  and  T.  Louis 
Snitzer  Co.  in  Los  Angeles,  Calif. 


Talsphona:  EVarglod*  4*1306 

CONDENSER  COMPANY 

1616  N.  Throop  Street  Chicago  22,  Illinois 
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WE  ARE  SPECIALLY  0R6ANIZED 


TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS- 
SEHLEMENT  BY  YOUR  CHECK 

CABLE  OR  AIRMAIL  TODAY 


NEW 


‘HXand  SM’  SUBMIHIAIURE  CORRECTORS 
Constant  50n  65n  70n  impedances 


ILLIMOIS 


UIINOIS 


SOB-MINIATURE 

ELECTROLYTIC  CAPACITORS 


Her*  it  a  complat*  lina  of  tub-niniolura  alactrolylict  which  ora  atpaciolly 
daiirobla  for  low  voltoga  D.C.  circuits. 

Advontogat  includa:  polantad  construction;  harmaticoMy-saolad;  immar* 
tion  proof;  axcallant  lifa  choroctaristics;  low  laokoga  currants;  shock 
and  vibrotion-rasistent;  plus  many  othars. 

Availabla  in  tubular  and  upright  typas,  at  illustrotad,  IlllNOIS 
SUB-MINIATURE  CONDENSERS  ara  idaal  for  applications  raquir* 
ng  minimum  tiza  and  waight. 

Wrifa  for  naw,  iflustrotad  SMT  catalog. 
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COMMENT 


Velocity  Response 

The  article  “Staggered  Rep  Rate 
Fills  Radar  Blind  Spots”  (Nov. 
21’58,  p  82)  was  extremely  interest¬ 
ing. 

Here  at  the  Bendix  Radio  Corp. 
we  are  building,  for  Rome  Air  De¬ 
velopment  Center,  the  FPN-34,  also 
a  staggered  rep-rate  radar.  How¬ 
ever,  we  do  not  have  to  go  through 
mathematical  calculations  to  deter¬ 
mine  the  composite  velocity  re¬ 
sponse  of  our  staggered  rep-rate 
moving-target-indicator  system. 
Instead,  using  a  piece  of  equipment 
of  our  own  design,  we  can  obtain 
oscilloscope  pictures  of  the  com¬ 
posite  velocity  response  due  to  the 
use  of  any  stagger  ratio  and  any 
canceller  shaping. 

We  can  observe  these  results 
within  less  than  five  minutes.  Con¬ 
versely,  we  can  adju.st  controls  un¬ 
til  we  obtain  the  desired  end  result 
and  then  read  out  the  stagger  ratio 
and  canceller  shaping  needed  to  ob¬ 
tain  this  result. 

J.  F.  Bachmann 

Bendix  Radio 
Baltimore 


Only  Wesgo  AL-300 
Ceramics  assure  the  superior 
performance  you  want  from 
alumina 


Material  alone  does  not  assure  a  reliable  alumina 
part . . .  the  exceptional  performance  characteristics 
associated  w'ith  alumina  are  directly  related  to 
manufacturing  knowledge  and  techniques.  Since  1948, 
Wesgo  has  perfected  the  precise  controls  over 
composition  and  manufacturing  techniques  that 
alone  impart  a  uniform  quality  to  alumina  parts. 
Quality  can  only  be  superficially  specified  .  .  . 
knowledge  of  alumina  ceramics  plus  quality 
consciousness  are  the  important  extras  offered  by 
Wesgo.  Alumina  is  a  premium  ceramic  material  .  . 
but  with  many  cost  saving  advantages.  Be  assured 
of  these  advantages  . .  .  use  Wesgo  AL-300  ceramics 
in  shapes  to  your  specifications. 


Radio  System  Calculator 

I  was  glad  to  see  my  “Radio  Sys¬ 
tem  Calculator”  in  the  Sept.  26 
issue  of  Electronics  (p  89).  Mr. 
W.  G.  Granat  of  the  power  tube 
department  of  General  Electric  has 
written  concerning  some  inaccura¬ 
cies  in  the  numerical  examples 
given  in  the  text.  The  examples 
have  been  completely  recalculated 
with  the  results  given  here. 

These  errors  do  not  affect  the  ac¬ 
curacy  of  the  nomograph. 

In  the  first  example,  receiver  spa¬ 
tial  sensitivity  is  given  as  4  x  10‘“ 
watts  per  sq  meter,  or  10  micro¬ 
volts  per  meter;  the  more  accurate 
calculation  gives  2.51  x  10'*’  watts 
per  sq  meter  or  9.7  microvolts  per 
meter.  The  receiving  system  sensi¬ 
tivity  is  given  as  2  x  10'’*  watts/ 
m“,  should  be  1.26  x  10‘“  watts/ 
m'.  Field  strength  is  given  as  3  x 
10'*  watts/ m’,  should  be  1.86  x 
10'*  watts/ m‘.  Signal-to-noise  ra¬ 
tio  is  given  as  42  db,  should  be 
41.7  db.  Noise  figure  for  150-kc 


PURE  WHITE  AND  TRANSLUCENT.  97.61  AI2O3.  Visibly  frss 
from  Impurltlss.  Vacuum  tight. 

HIGH  STRENGTH.  46000  PSI  Flsxural,  285000  PSI  in  comprsssion. 
UNIFORM  IN  COMPOSITION  AND  PROPERTIES  from  lot  to  lot. 


HIGH  DIELECTRIC  STRENGTH  AND  RESISTIVITY. 


VERY  LOW  LOSS  FACTOR, 


For  details  on  properties,  write  for  illustrated  brochure 

WESTERN  GOLD  AND  RLATINUM  COMPANY 

,  Msnufacturors  of  Wssgo  Brazing  Alloys 

MLMONT,  CALIFORNIA 
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KURMAN 

MINIATURE 
POWER  RELAY 


'  FEATURES 

•  Clear  polystyrene  dust-proof  enclosure 

•  Up  to  3  P  D  T,  10  amp.  contacts 

•  AC  or  DC  coil,  up  to  15,000  ohms 

•  Life — 100,000  operations  minimum 

•  Dimensions  1%"  sq.  x  ZKi"  high 

•  Octal  or  11  pin  plug-in 

STOCKED  BY  LEADING  DISTRIBUTORS 
FROM  COAST  TO  COAST 
For  Immediate  Delivery  at  Factory  Prices 

KURMAN  ELECTRIC  CO. 

Division  of  Norbute  Corp. 

Quality  Relays  Since  1928 
191  NEWEL  ST. 

BROOKLYN  22,  N.  Y. 

Export:  135  Liberty  St.N.Y. 

Cable:  TRILRUSH 

SEND  FOR  CATALOG 

*•••••••••••••< 
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Itek 

s _ > 

AERO  —  SPACE 
RECONNAISSANCE  SYSTEMS 


GRAPHIC  INFORMATION  SYSTEMS 


ELECTRONIC  & 
PHOTO-OPTICAL  EQUIPMENT 


ENGINEERS 

E.  E.  or  M.  E.  with  automatic  mo- 
chino,  initrumont  or  optical  design 
experience  for  development  of 
photo-optical  graphic  data  process¬ 
ing  equipment. 

PHYSICISTS 

M.  S.  or  PH.  D  Background  in  sense- 
tometry  and  processing  or  optics, 
for  research  and  advanced  develop¬ 
ment. 

Send  your  resume  toi 

DR.  ARTHUR  W.  TYLER 
Vice-President, 

Research  &  Engineering 

Itek  Corporation 

W.4I.TH  AM  54,  M  ASS. 


bandwidth  and  —107  dbm  sensi¬ 
tivity  is  given  as  15  db,  should  be 
15.2  db. 

In  the  second  example,  the  re¬ 
ceiving  system  sensitivity  is  given 
as  300  microvolts  per  meter,  should 
be  324  /iv/m.  The  signal-to-noise 
ratio  (dynamic  range)  is  given  as 
77  db,  should  be  75.9  db. 

J.  J.  Logan 

Temco  Aircraft  Corp. 

Dallas 


Magnetron 

With  regard  to  our  paper 
(“Spark  Machining  of  a  Magne¬ 
tron,”  p  112,  Oct.  24),  it  is  the 
opinion  of  the  authors  that  the 
contribution  of  Professor  Masao 
Nishimaki  of  the  Tokyo  Institute 
of  Technology  has  been  so  great 
that  his  name  .should  also  be  in¬ 
cluded  as  one  of  the  coauthors. 

We  would  appreciate  it  very 
much  if  you  could  take  our  wishes 
into  account. 

Tadakuni  FuJii 
Nippon  Electric  Co.,  Ltd. 
Kawasaki  City,  Japan 

Done. 


Spare  Research 

It’s  a  little  irritating  to  read 
(Washington  Outlook,  p  12,  Dec.  19) 
that  the  Advanced  Research  Proj¬ 
ects  Agency  is  rocking  the  boat  of 
the  U.  S.  space  exploration  pro¬ 
gram.  It’s  also  disheartening  that 
you  compound  confusion  by  saying 
that  the  agency’s  future  “is  still 
up  in  the  air.” 

The  order  that  e.stabli8hed  ARPA 
gave  it  a  definite  cutoff.  If  my 
recollections  serve  me  correctly,  it 
was  established  last  January  with 
a  mandate  to  coordinate  space  re¬ 
search  for  one  year. 

Naturally,  as  that  year  draws  to 
a  close,  all  the  bureaucrats  who 
have  built  their  nests  in  the  agency 
and  hitched  their  little  red  wagons 
to  its  star  are  getting  panicky. 
But  their  private  panic  ought  not 
to  color  the  straightforward  prog¬ 
ress  of  the  nation’s  space  research. 

C.  A.  Burke 

Alexandria,  Va. 


gaseal 

does  the  improbable 

NOWI 


Befor*  Gaseal,  repair  time  on  this 
Antenna  Coupler  was  more  than  eight 
hours.  With  Gaseal,  repair  time  is  less 
than  15  minutes! 

Gaseal  is  a  resilient  metal  pressurized 
(1000  psi)  seal,  re-usable.  It 
hermetically  seals  components, 
subsystems  and  complete  systems 
against  gases  and  liquids  over  a  wide 
range  of  temperatures  and 
environmental  conditions. 


Installation  and  service  require  no 
heat,  special  tools  or  skills. 

Gaseal  is  available  in  many  sizes  and 
configurations  for  Aircraft,  Missiles, 
Electronics,  Chemical  Processes  and 
Military  Applications. 


WRITE  FOR  BULUTIN  GHS  258. 


*GASEAL— Tnulcmark  of  Hermctronies,  Ine. 
(A  Division  of  GcnersI  Hermetic  Scslini  Corp.) 

Photograph  of  B-41  Stratoiet  Courtesy 
U.S>  Air  Fore* 


i  v  G  E  N  E  R  A  I 

V'^S  HERMETIC 

ELfCTSONICS  f0«  SEALING 
lANO,  $E*  SSD  JPACt  CORPORATION 


Volley  Streom,  N  Y  •  VAIley  Stream  S-6363 
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EMPLOYMENT  OPPORTUNITIES 


A  inowtiorm  it  a  pratty  big  handicap  even 
far  a  pro.  Join  Radiation,  Inc.  in  Florida 
whar*  you  can  play  golf  all  wintar  long. 
Tha  antira  family  will  onjoy  outdoor  racraa- 
tion  and  tha  afficiant,  opan  architactura  of 
Florida  homat. 

Wa  hova  many  opaningt  for  chollanging 
and  rawarding  work  in  alactronic  daiign 
and  davalopmant.  Radiation  it  wall  known 
in  DATA  PROCESSING,  TELEMETRY,  AN¬ 
TENNAS,  INSTRUMENTATION,  and  othar 
oraot  of  MISSILE  ELECTRONICS.  Our  ttabla 
.growth  indicotat  a  tocura  futura  with  pro- 
fattionol  advancamant  for  quolifiad  alac¬ 
tronic  anginaart  wtih  idaot  and  anargy. 
Writa  today  for  complata  datoilt  on  oppor- 
tunitiat  ovoilobla. 


DISENCHANTED 

ENGINEERS 

If  .vour  prrsrnt  pmployar  hna  fnlird  to 
utlltip  your  full  potrntlul,  why  not  prr- 
mlt  UH  to  rvpiore  thr  parumptara  for 
your  ppraonni  qunlltiratlona  with  thr 
many  dynamic  younp  rompanlpa  In 
aviation,  plprtronlr*,  mlKnilpa  and  rork- 
ptH.  \Vp  now  hiivp  In  rxppaa  of  4,000 
oppninna  In  thp  $H,000  to  040,000 
hrarkpt,  all  of  which  arp  fpp  paid.  Why 
wait?  Mpnd  rpaump  in  dopliratp  at  oncp 
to:  — 

FIDELITY  PERSONNEL 
1218  Chatmut  Straat,  Philodalphio  7,  Po. 


RATES  . 

“Employment  Opportunitief 

DispJoyad — Tha  odTartiiinq  inch  is  821.67 
par  inch  for  oil  odvartisinq  oppaorinq  on 
othar  than  o  contract  basis.  Contract  rotas 
quotad  on  raquast. 

An  advortisinq  inch  is  maosurad  V%"  aar- 
ticolly  on  a  column — 3  columns — 30  inchas 
to  o  paqa. 

Subiact  to  Aqoncy  Commission. 
Ifndisplayad — 82.40  par  lina,  minimum  3 
linos.  To  iiqura  odTOnca  poymont  count 
S  aaaroqo  words  as  a  lino. 

Discount  of  10%  if  full  paymant  is  mods 
in  odTonca  for  4  consacutiao  insartions. 
Not  subiact  to  Aqancy  Commission. 

Sand  NEW  ADS  to  ELECTRONICS,  Class. 
Ada.  Dia.,  P.  O.  Box  12,  Now  York  36, 
N.  Y. 


This  is  one  of  a  series  of  professionally  informative  messages  on 
RCA  Moorestoivn  and  the  Ballistic  Missile  Early  Warning  System. 


BME>VS  AND  THE 
DEVELOPMENT 
ENGINEER 


The  Ballistic  Missile  E^arly  Warning  System  will  be 
the  keystone  of  defense  against  enemy-launched 
ICBM’s.  The  development  and  design  engineer  as¬ 
signed  to  BMEWS  will  determine  to  a  great  extent 
the  future  security  of  the  Western  Hemisphere,  for 
the  successful  functioning  of  this  unique  radar 
system  will  depend  upon  his  ability  to  translate 
technological  concepts  into  effective  hardware.  On 
BMEWS  the  development  and  design  engineer  must 
project  advanced  theories  of  analog  and  digital 
computing  and  data  handling  systems,  cathode-ray 
or  electroluminescent  display  systems,  or  any  of  the 
many  facets  of  radar  into  circuits  and  components. 
He  must  have  the  analytical  capability  and  imagina¬ 
tion  to  achieve  the  advanced  performance  neces¬ 
sary  for  BMEWS. 

BMEWS  development  is  currently  in  progress  at 
RCA  Moorestown,  the  weapon  system  manager, 
and  also  within  the  facilities  of  several  other  major 
corporations  whose  efforts  are  coordinated  by  RCA. 
Entering  the  BMEWS  program  at  an  early  date  will 
afford  engineers  the  opportunity  to  contribute  to 
the  basic  system  development  and,  through  con¬ 
tinuing  participation,  to  witness  its  evaluation  into 
a  final  operating  equipment. 

For  further  information  concerning  career  engineer¬ 
ing  opportunities  on  BMEWS  and 
other  defense  programs  at  RCA 
Moorestown,  please  direct  your  in- 
quiry  to  Mr.  W.  J.  Henry,  Box  V-IOA. 


m/koto  coR^omATioM  of'MMamicA 

MISSILE  AND  SURFACE  RADAR  DEPARTMENT 
MOORESTOWN,  N.  J. 
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ENGINEERS-OPPORTUNITIES 


SYSTEMS  ENGINEER  to  develop  complex  devices  in  fields  of  servo¬ 
mechanisms,  radar,  or  computers,  and  integrate  these  elements  in 
weapons  systems.  Must  have  three  to  five  years’  experience  in  such 
activity  and  two  years’  experience  in  over  all  systems  analysis. 
Assignment  involves  design  and  analysis  of  closed-loop  systems, 
consisting  of  inertial  and  radar  equipment,  display  materials,  and 
digital  or  arialog  computers. 

Qualifications;  B.S.  or  Advanced  Degree  in  E.E.  or  A.E. 


■ontact 


DL  WcQrau,.J4ltf 
Office  neared  you 


RADAR  ENGINEER  to  analyze  ultimate  limits  of  present  techniques 
and  develop  new  concepts  of  providing  topographical  sensors  for 
advanced  airborne  and  space  systems;  to  design  airborne  radar 
pulse,  microwave  and  deflection  circuitry;  to  analyze  Doppler  radar 
systems  in  order  to  determine  theoretical  accuracy  and  performance 
limitations. 

Qualifications;  B.S.  or  Advanced  Degree  in  E.E.  and  3  to  5  years’ 
experience  in  radar  systems  development,  including  display  equip¬ 
ment  and  circuits,  control  consoles,  and  Doppler  or  search  radar 
design. 


ATLANTA,  3 

1301  Rhodes-Hoverty  Bldg. 

JAckson  3-6951 

M.  H.  MILLER 

BOSTON,  16 

350  Pork  Square 

HUbbard  2-7160 

D.  J.  CASSIDY 

CHICAGO,  11 

520  No.  Michigan  Ave. 

MOhawk  4-5800 

W.  J.  HIGGENS 

D.  C.  JACKMAN 

CLEVELAND,  13 

1164  Illuminating  Bldg. 

superior  1-7000 

W.  B  SULLIVAN 

DALLAS,  1 

1712  Commerce  St., 

Vaughn  Bldg. 

River' ide  7-5117 

GORDON  JONES 

E.  E.  HOLLAND 

DETROIT,  26 

856  Penobscot  Bldg. 

woodward  2-1793 

D.  M.  WATSON 

LOS  ANGELES,  17 
1125  W.  6  St. 

HUntley  2-5450 

R.  L.  YOCOM 

NEW  YORK,  63 
500  Fifth  Ave. 

Oxford  5-5959 

D.  T.  COSTER 
R.  R  LAWLESS 

PHILADELPHIA,  3 

Six  Penn  Center  Plaza 

LOcust  8-4330 
T.  w,  McClure 
H.  W.  BOZARTH 

ST.  LOUIS,  8 

3615  Olive  St. 

JEfferson  5-4867 


CIRCUIT  ENGINEER  to  undertake  advanced  circuit  design  based 
on  transistor-diode  logic  for  digital  systems;  to  review  new  circuits 
for  application  in  digital  control  systems;  to  define  basic  techniques 
for  improving  performance  characteristics;  to  participate  in  ad¬ 
vanced  analytical  studies  associated  with  application  of  transistor 
circuitry  to  pulse  and  digital  systems. 

Qualifications;  B.S.  or  Advanced  Degree  in  E.E.  and  2  years’  ex¬ 
perience  with  pulse  circuitry,  transistor  circuit  design,  or  digital 
techniques. 


COMPUTER  ENGINEER  to  undertake  logical  design  of  airborne 
digital  computer  equipment,  transistorizing  computer  circuitry  for 
size  and  weight  reduction.  Assignment  entails;  Mechanization  of 
computer  circuitry  and  packaging;  interpreting  problems  for  solution 
with  the  IBM  704. 

Qualifications:  B.S.  or  Advanced  Degree  in  Engineering  or  Physics 
and  3  to  5  years’  experience  in  design  of  digital  or  analog  computer 
equipment.  Experience  also  desirable  in  transistor  technology,  com¬ 
puter  logic,  programming,  instrumentation,  computer  system  evalu¬ 
ation,  or  servo-mechanism  design. 


ADVANTAGES  OF  IBM 


A  recognized  leader  in  the  electronic  systems  field... products  used 
for  both  military  and  commercial  work... advancement  on  merit... 
company-paid  relocation  expenses  . .  .  liberal  company  benefits  . . . 
salary  commensurate  with  ability  and  experience. 


Immediate  openings 


WRITE,  outlining  qualifications  and  experience,  to: 

Mr.  P.  E.  Strohm,  Dept.  554  A 
Military  Products  Division 
IBM  Corporation,  Owego,  N.  Y, 


MILITARY  PRODUCTS  DIVISION 


SAN  FRANCISCO,  4 
68  Post  St. 


DOuglas  2-4600 


R.  C.  ALCORN 
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ELECTRONIC  ENGINEER 

Monuiacturar  of  automatic  controU  lo- 
catod  in  northwost  suburb  oi  Chicago 
is  sookiag  a  young  man  ago  30  to  40, 
with  colUge  degroo  in  Electronics  or 
□octricol  Enginooring  plus  6  to  8  years 
experience  in  design  and  dexelopment 
in  the  electronic  iield.  with  special  em¬ 
phasis  on  control  systems  or  serro- 
mechanisms. 

Exceptional  opportunity  ior  one  desiring 
responsibility  ior  on  electronic  deeelop- 
ment  program  now  in  its  iniont  stage. 
This  is  an  AAA-1  company  with  modem 
iacilities  ond  complete  employee  bene- 
iita. 

Glee  lull  iniormation  concerning  educo- 
tion,  experience,  personal  data  ond 
salory. 

P-9564,  ELECTRONICS 
520  N.  Michigan  Ave. 
Chicago  11,  III. 


CHIEF  DESIGN  ENGINEER 
ELECTRONIC  CONNECTORS 

Excellent  ORportunity  for  experienced  enpineer 
with  nianMeriftl  and  creative  abilities  to  detipn. 
develop  and  administer  a  complete  line  of  minia¬ 
ture  AN.  rack  and  panel  and  micro-miniature  elec¬ 
trical  connectors  for  commercial  and  military  use. 
Individual  should  have  specific  experience  on  en¬ 
vironmental  oonnectors  in  cylindrical  or  reetanpular 
oenfipurationi  and  be  capable  of  assuminp  full  re¬ 
sponsibility  for  all  stapes  of  development  and 
manufacture.  Salary  In  five  flpures  with  substan¬ 
tial  advancement  possibilities  for  the  ripht  man. 
Specify  ape,  education,  experience,  previous  earn- 
inps.  etc.  in  first  letter. 

METHODE  MFG.  CORR. 

7447  W.  WILSON  AVE..  CHICAGO  31.  ILL. 


MANUFACTURERS 

REPRESENTATIVES!! 

Sell  Your  Electronic  Products 
&  Services  Through  Our 

"MANUFACTURERS 

REPRESENTATIVES" 

Section  .  .  . 

Th«  “MANUFACTURERS  REPRESENTA¬ 
TIVES"  consists  of  adv.rtisaments  of  th. 
Imding  Monufocturers  Represantotivas 
throughout  the  country. 

Evary  man  of  importonca  in  tho  alac- 
tronics  industry  is  o  subscriber  to  ELEC¬ 
TRONICS.  Your  odvartisement  in  tho 
"MANUFACTURERS  REPRESENTATIVES" 
section  presents  your  product  story  to 
key  people  who  most  naturally  will  be 
interested  in  your  products  and  services 
os  a  source  of  supply,  or  os  a  soles 
outlet  for  their  products. 

If  you  hove  not  already  reserved  your 
advertising  space,  there  is  still  time. 
There's  o  choice  of  space  units  to  fit 
every  advertising  budget. 

Full  information  and  rafot  arm  available 
from  your  ELECTRONICS  representative, 
or  write: 

ELECTRONICS 

330We$t42sdSt..NewYort36,N.y. 


ENGINEERS...  PHYSICISTS 

MjDW  opporti/ihities  at 
MotoKoIa  in  Chica9o 


give  yourself  and  your  family 
all  the  big  city  advantages  at  a 
relaxed  midwest  pace,  while  you 
ADVANCE  YOUR  CAREER 


Outstanding  career  opportunities  are 
waiting  at  the  many  Motorola  research 
and  development  laboratories  in  the 
Chicago  area.  This  is  your  opportunity 
to  advance  your  career  with  a  swiftly 
expanding  company,  working  in  the  most 
modern  and  ^^ll  instrumented  labora¬ 
tories  .  .  .  with  liberal  employee  benefits, 
including  an  attractive  profit  sharing 
plan  and  association  with  men  of  the 
highest  technical  competence. 

You’ll  like  living  in  one  of  the  beautiful 
suburbs  of  the  playground  of  the  mid¬ 
west,  where  there  are  endless  social, 
cultural,  and  educational  activities  to 
choose  from  the  year-round.  Exciting  life 
or  quiet  life — Chicago  offers  either. 


m 


MILITARY 

POSITIONS  OPEN 

Radar  transmitters  and  receivers 
Radar  circuit  design 
Antenna  design 

Electronic  countermeasure  systems 
Military  communications  equipment 
design 

Pulse  circuit  design 
IF  strip  design 

Device  using  kylstron,  traveling  wave 
tube  and  backward  wave  oscillator 
Display  and  storage  devices 


CIVILIAN 

POSITIONS  OPEN 

2-WAY  RADIO  COMMUNICATIONS 

•  VHF  &  UHF  Receiver  «  Transmitter 
design  &  development  •  Power  supply 

•  Systems  Engineering  •  Selective 
Signaling  •  Transistor  Applications  • 
Crystal  Engineering  •  Sales  Engineers 

PORTABLE  COMMUNICATIONS 

•  Design  of  VHF  &  UHF  FM  Commu¬ 
nications  in  portable  or  subminiature 
development. 

MICROWAVE  FIELD  ENGINEERS 


Write  to: 

Mr.  L.  B.  Wrenn  Dept.  D 
MOTOROLA,  INC. 

4501  Augusta  Blvd.,  Chicago  51,  lU. 


ALSO  .  .  .  there  are  excellent  opportunities  in 

PHOENIX,  ARIZONA- RIVERSIDE,  CALIFORNIA 


I 


MOTOROLA 
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ENGINEERS 


Advanced  power  and  treapone  eupporl  ^  i 

epilemi  for  air  and  tpacr  /  /  #  C#  / 

VAN  NUYS  AND  POMONA.  CALIFORNIA  ■  OODEN.  UTAH 


mCRAffCO. 


‘  EMPLOYMENT  OPPORTUNITIES 


Which  Facts  About 

SANDERS  ASSOCIATES,  INC. 

Are  Important  to  You  in  a  Career? 


THE  WORK: 

Diversified  systems  and  Components.  Missile,  space 
vehicle,  radar.  Panar.  surveillance.  ECM.  computer, 
servo  systems  and  circuitry  development  and  study, 
tlyro.  hydraulic  servo  valves,  vaeuiini  tube  and  micro* 
wave  components  development. 


Open.  More  than  competitive  nationally,  baaed  on 
the  individual. 


COST-OF-LIVING: 

Low.  No  state  income  tax. 
and  livinK  costs. 


sales  tax;  low  housins 


THE  COMPANY; 

(irowth  based  on  te«  hnical  excellence— frrmi  12  to  900 
employees  on  own  capital  in  only  7  years. 


Ideal.  l.ess  than  an  hour  from  downtown  Boston, 
mountains  and  ocean  beaches.  Nashua.  New  Hamp¬ 
shire  is  an  attractive  city  of  40.0(10  surrounded  by 
picturesque  small  commuunities.  ShoppinK  facilities, 
schools  and  residential  districts  are  excellent,  and 
Nashua  provides  a  safe,  wholesome  and  friendly  en¬ 
vironment  for  your  family. 


Continued  Growth  Creates  Immediate  Openings  in: 

1.  STUDY  A.  SYSTEMS.  Senior  &  Doctorate.  Weapons 
Systems. 

a.  RELIABILITY.  Section  Head.  Circuitry  Background. 

a.  SRECIFICATION  A  STANDARDS.  Section  Head.  Cir¬ 
cuitry  Backaround. 

4.  SYSTEMS.  Senior.  Countermeasures,  Radar,  Missile 

Klectronics. 

5.  SERVO  LOOP  ANALYSIS.  Senior. 

S.  ANALYTICAL  DESIGN.  .Senior.  Weapons  Systems. 

7.  RECEIVERS.  Senior.  Front  ends.  IF’s. 

S.  ELECTRONIC  PACKAGING.  Senior  Mechanical. 

S.  MICROWAVE.  Junior  thru  Section  Head.  Systems  or 
Components. 

10.  CIRCUIT  DESIGN.  Junior  thru  Senior.  Transistor  or 
Tube. 

11.  ELECTRONIC  PRODUCT  DESIGN.  Junior  thru  Senior, 
BSEE. 

la.  TEST  EQUIPMENT  (Circuits).  Junior  thru  Senior. 
Transistor  or  Tube. 

13.  ELECTRONIC  SYSTEMS.  J  unior.  Radar,  ECM. 


I’lrnse  senil  resume, 
inclndiiifj  salnrn  de¬ 
sired,  to  I^loiid  R. 
Ware. 


wanoE  R5 

's  SOCIRTE  S 

I  N  C  HATED 


Nashua,  New  Hampshire 


PROFESSIONAL  PERSONNEL  REQUISITION 


Electronic  Engineers 

Two  excellent  openings  on  long  term,  expanding  projects. 
Marquardt  is  growing  steadily  in  many  diversified  areas, 
which  means  real  "ground  fltKtr"  opportunities  for  qualified 
engineers. 

ELECTRONIC  SYSTEMS  TEST  ANALYST 

Group  leader  for  analysis  and  definition  of  test  requirements 
applied  to  automatic  checkout  of  weapon  systems.  Requires 
six  to  fifteen  years  experience  in  systems  design,  development 
and  circuitry.  Able  to  perform  preliminary  design  of  test 
systems,  programming  requirements,  accuracy  requirements, 
specification  preparation,  system  evaluation. 

ELECTRONIC  CONTROLS  ANALYST 

Experience  in  circuit  design,  and  in  electronic  controls  using 
analog  methods.  Will  generate  specifications  for  systems  and 
components.  Will  direct  systems  test  programs.  Will  analyze 
closed  loop  systems  in  electronic  and  mechanical  components. 
Familiar  with  servos  and  analog  computer. 

Conloct:  Floyd  E.  Hargi.s,  Monogor  Prefotiional  Porionnal 
16549  Sotieey  Strool,  Von  Nuys,  California 


SEARCHLIGHT 

SECTION 

(Cfatsifted  Advertiiing) 
BUSINESS  OPPORTUNITIES 
EQUIPMENT  -  USED  or  RESALE 


DISPLAYED  RATE 

The  advertising  rate  is  $24.75  per  Inch  for 
all  advertising  appearing  on  other  than  a 
contract  basis.  (Contract  rates  quoted  on 
reftuest.  AN  ADVERTISING  IN("H  is 
measured  %  inch  vertically  on  one 
column.  3  columns — 30  inches— to  a  page. 
EQUIPMENT  WANTED  or  FOR  SALE 
ADVERTISEMENTS  acceptable  only  In 
Displayed  Style. 

UNDISPLAYED  RATE 

$2.40  a  line,  minimum  3  lines.  To  figure 
advance  payment  count  5  average  words 
as  a  line. 

PROPOSALS.  $2.40  a  line  an  insertion. 
BOX  NUMBERS  count  as  one  line  addi¬ 
tional  in  undisplayed  ads. 

DIS<H>UNT  of  io*i  if  full  payment  is 
made  In  advance  for  four  consecutive  in¬ 
sertions  of  undisplayed  ads  (not  Including 
proposals). 


MAGNETRON  MAGNETS 

A]  o  n 

5200  GAUSS  5200  GAUSS  |  1500  GAUSS 

Air...  Vj-  Aina.  >/i'  AiruB  2i<.'' 

Pole,:  \v  Pole,:  W  ^ 

to  *4'  10*4"  Polo,.  I v." 

Size;  r  Hith  Size:  7"  Hl.h  Size  6*  Hi.h 
Bi,e;  2t4'' X  Bom:  2^.' x  Bow;  J^xlO" 

S',”  O'l”  I  Weiiht:20lb,. 

Weitlit:9>4lb,.  Wei.ht:  1311m.  0,1,..  e,o« 

Price:  $16.95  Price:  514.95  I  UZ-SS 

SEND  FOR  CATALOG  ON  OTHER  TTPE 
SURPLUS  MAGNETS,  MOTORS.  DTNAMOTORSI 

FAIR  RADIO  SALES 

133  SO.  MAIN  ST.  LIMA,  OHIO 
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SEARCHl. 


SECTION 


WE  BUY  .  .  . 

ALLEN-BRADLEY 

RESISTORS  and 

POTENTIOMETERS 

at  highest  prices. 

Submit  your  offerings  To: 

LEQRI  S.  COMPANY 

391  Rivcrckil*  Av*. 

YONKERS  S,  NEW  YORK 


SEARCHLIGHT 
Equipment 
Spotting  Service 

This  service  Is  aimed  at  helping  you,  the 
reader  of  "SKARCHLIOHT”,  to  locate 
SundUM  new  ami  imetl  e)et*tronlc  equipment 
and  (*oiii|M>nentM  not  rsrreaf/y  >idrcrHard. 
iThlH  Hervlt^e  In  for  VSEU-ItrVKRH  only)  No 
chance  or  ohlljeatlon. 

How  to  uae:  Ohet'k  the  dealer  ads  to 
see  If  what  you  want  Is  not  currently 
advertised.  If  not.  stmd  us  the  specifl* 
cations  of  the  equipment  wanted  on  the 
coupon  below,  or  on  your  own  company 
letterhead  to: 

Searchlight  Equipment 
Spotting  Service 
c/o  ELECTRONICS 

P.  O.  Box  12,  N.  Y.  36,  N.  Y. 

Tour  requirements  will  be  brought 
promptly  to  the  attention  of  the  equips 
ment  dealers  advertising  in  this  section. 
You  will  receive  replies  directly  from 
them. 


Searchlighf  fqwipmenf  Speftlnv  Service 

c/o  ELECTRONICS 

P.  O.  tox  12,  N.  Y.  34,  N.  Y. 

Plsat#  hsis  up  Iscate  the  follewinf  aquipaisnt 
cemaenantt. 


CITY  . 9/2S/M 


A.  B..  RESISTORS 

Typo  I  Potonliomotora  Sin^lo-DuaU-Triploo 
Typo  G  Miniaturo  Potonliomotoia 
By  Rolurn  Moil  .  .  .  From  Stock 

lEORI  S  COMPANY 

391  RivardoU  Av*.  Yenk*n  S,  N.  Y. 


TEST  SETS -RADAR 
COMMUNICATION  EQUIP. 

AN/URM.61  1SOO-4000MC  SIC.  GENERATOR 
AN/URM-64  900-2100MC  SIC.  GENERATOR 
AN/UPM-13  X-BANO  VSWR  TEST  SET 
AN/UPM.17  10-1I,OOOMC  SPECTRUM  ANAITZER 
AN/UPM.33  W00-9600MC  SPECTRUM  ANAITZER 
n-147  SSOO-94O0MC  SIC.  GENERATOR 
TS-ltC  100-10, OOOMC  HETERODYNE 
FREQ.  METER  .03  ACCURACY 
TS-5C7  I5-400MC  NOISE  FIELD  METER 
LAE  S20-1300MC  SIC.  GEN. 

LAF  90-600MC  SIC.  GEN. 

LAC  130(M000MC  SIC.  CEN. 

MANY  OTHERS.  WRITE 


200  MILE  SEARCH  RADAR  WITH 


APR  RECEIVERS  •  APS  RADARS  • 
TRANS  •  REC 

MACNETOMETERS-SNORAN-SCR-AN-TS, 

ETC. 


TELEVISION -AM-FM 
BROADCAST  STATIONS 

2S0W  .  SO, 000  WAHS 
COMPLETE  STATIONS  •  TRANSMITTERS 
STUDIO  -  TERMINAL  EQUIPMENT 
CAMERAS  .  MICROWAVE  RELAY 
PROJECTORS  •  TEST  SETS 
DUMONT  .  CE  •  RCA  •  RAYTHEON 
CATES  •  TC  •  FTL  ETC. 


WE  MAINTAIN  A  RECONDITIONING  LAR. 


WRITE  FOR  OUR  CATAICX: 

TECHNICAL  SYSTEMS  CORP. 

12-01  43rd  Av*.,  L.  I.  C.  1,  N.  Y. 

RA  9-0652 


NEED  METERS? 

STANDARD  or  SPECIALS 

ANY  QUANTITY-NEW-MILITARY 


raElECTRI 
AIRCRAI 

Jl|  I  MAKES- 

HLL  (GANGES 

METERS 


ELECTRONIC-MILITARY 

AIRCRAFT-HAMS 


MAKES-MODELS 

RANGES-SIZES 


REPAIRED 

RESCALED 

RECALIBRATED 


WRITE  •  PHONE  -  WIRE 

A  &  M  INSTRUMENT  SERVICE 
INC. 

76-14  Woodsid*  Avo. 

Elmhurst  73,  N.  Y. 

CAA  No.  4264  Ltd.  HA  9-2925 


lectronic  LABORATORY  SUPPLY  COMPANY 


DuMONT  5ADP7  C.  R.  T.,  JAN,  Foctory  sealed  boxes . $19.00  ca. 

4  or  over . $17.50  eo. 

L*ss  than  Vi  th*  regular  n*t  pric* 

Fits  DuMont  304A  &  401,  4  many  other  popular  'scopes* 


7208  GERMANTOWN  AVENUE  •  PHILADELPHIA  19.  PENNSYLVANIA*  CHasInul  Hill  8-2700 


AN/ART-IS.  100  waM  tranamittar  do- 
slgnad  to  provld*  radio  communication 
by  vole*.  (MOW)  or  CW  t*l*qraphy. 
Clou  "B"  audio  modulator  aystam  eapa- 
bl*  oi  modulating  tb*  earriar  at  laaat 
90%  on  vole*  or  MCW.  Incorporataa 
automatic  tuning  machanlam  which  may 
ba  uaad  to  salact  any  on*  oi  11  Iro- 

?u*nci*s,  ranga  2000  KC  to  19,100  KC. 

raquancias  200  KC  to  1500  KC  rang* 
la  provided  by  addition  of  oacillotor 
0-19/ART-13A.  Excellent— SS9.S0.  0  19 

Low  iraquancy  oaclllator  coil  tor  ART- 13, 
Excallant — S9.9S.  24  Volt  dynamotor  lor 
ART-13  114.95. 

VHF  UHF 

AN/ APR-4  38-4000  me  RECEIVER 
— Thla  la  o  Modalon  roealvar  covarlng 
39-4000  me.  The  aat  ulUiaaa  5  tuning 
unlla  with  direct  reading  dials  In  maga- 
cyclaa.  The  rscsivar  has  a  wide  and 
narrow  bond-width  30  me  I.F,  alrip 
which  may  b*  salactad  at  will. 

An  output  malar  la  provided  to  maaaur* 
aignal  atrangth.  Outputs  ora  provided 
tor  a  nuls*  analyaar  and  pan  adaptor 
110-v  AC,  60-2900  cycle. 

With  3  tuning  units  39  to  1000  me, 
bcellent.  S1S9.S0. 

TN- 19  APR-4  Tuning  Unit  1000  to  2200 
me.  Excellent . 9159.50 

LM-20  Frequency  meter  heterodyne, 
crystol  calibrated.  Modulated  covering 
irequeneies  from  125KC  to  20,000KC  con¬ 
tinuously.  This  egulpmont  provides  ac¬ 
curacies  oi  .02%  In  the  125  to  2000KC 
band  and  .01%  In  the  2000  to  20,0O0KC 
band.  With  originol  ealib.  book  and 
crystal.  Brand  New  . 979.50 

LM-13  Frequency  meter.  Excellent  959.50 
AN/APR5A — Airborne  si^rhet  radar 
search  rec.  Freg.  roMo  1000  to  9100  MC. 
Rec.  has  a  10  MC  IF  band  width  oper¬ 
ating  from  90/1I9V  AC.  single  phase  90 
to  2600  cpo.  and  one  amp.  at  29V  DC — 
complete  with  tubes . 999.50 

Measurements  Corp  Pulse  Generator 
Model  79B-90  to  100,000  pulses  per  sec¬ 
ond.  which  can  be  locked  with  a  sine 
wave  or  other  external  source  when 
iregueacy  accuracy  Is  needed.  Pu'se 
width  0.5  microseconds  6  delay  ti-^e 
not  more  than  25%  pulse  width  (at  TO*-'., 
peak).  Output  voltage  la  approx.  150 
volts  to  200  volts  peak  poeltive  with 
respect  to  ground.  Cathode  follower 
output  with  1000  ohm  Impedance.  Bync. 
output  is  35  volt  displaced  by  period 
irom  pulse  output.  Sync.  Input  may  b# 
as  little  as  2  volts.  110  volts,  90  cycle. 
115  watts.  Excellent . 999.50 

MD4  -  RT  ■  15 

3  cm  rador  modulator,  rec.  and  Irons, 
complete  with  all  tubes.  Magnetron 
725  A,  2  ea.  723/AB.  929B,  715B.  etc. 
Excellent  . 139.50 


R  W  ELECTRONICS 

Dopt.  L 

2430  S.  Michigan  Avo. 
Chicago  16,  III. 


Moaay  tavlaf  arIcM  aa  TV.  RaMla.  Traaa* 

mlttlnf.  aaW  laMaatrial  Tytaa.  Naw.  lat  aaallty, 
iMarantaatf.  Tap  naaia  Mranda  only.  Gavarnmant 
lurplua  and  eammaralal  taat,  lak,  aad  eammaniaa- 
tian$  apalpmaat  la  itaaM.  Ml  va  yaar  aiaaai  tuMaa 
and  aotflpaiaat.  Uaviad,  alaaa  takaa  af  all  typaa 
wantad.  Sand  apaalAa  datalla  la  Srat  lattar.  W^a 
far  *'6raaa  tliaat*’  aatplap  2i#. 

iARRY  ilECTRONICS  CORF. 

$12  Braadway  WA  S*7M0  Naw  Varfc  12.  N.  Y. 
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‘‘  We  insist  on  the  Philbrick  amplifier 
for  our  new  package”  says  Philbrick 


INDEX  TO  ADVERTISERS 


“  We  use  only  the  finest  components  in 
our  products.  Thai’s  why  we  insisted 
on  Philbrick’s  new  USAS  Opera¬ 
tional  Amplifier  as  a  sub-assembly  for 
our  new  Analog  Package,  the  UPAS. 
We  have  found  it  {the  USAS)  nifty 
and  thrifty.  We  recommend  it  without 
reservation.  And  that  goes  for  the 
UPAS— too.” 


\4‘«*urat«*  InMtrumvnt  Co . 

Klerttfinlr*!  .%HMorlateM,  Inr.. 

Corpomtiofi  . . 

%lrpMi  FriNliirtM  Co . 

\llled  KmcIIo . 

Corp«>rHtlon . 

\inerirMn  THevltlon  A’  Radio  f'o. 

\m|N‘res  KlM’troiiii*  C’orp . 

%mpei  ('orfHinition  . 

Aiiaronda  Wlr«*  A  C'ahle  Co . 


Fhllbiirk  R«^Hr«’heM.  Inr..  O^rire  A 

l*lillro  <'orp4»rHti«)n . 

Fotter  A  Brumtli*ld.  Ini* . 


' Radio  C'or|H>niti«»n  of  America. ... 4th  Cover 


'Sl^ma  InMtriimeiitH,  Inr 
Kimp*M»n  RlertrlB*  Co... 
'SBirmnen  A  Co..  Ins'  ... 
^pmffur  Klrrtrlr  Co. . . . 

'Superior  Tube  C‘o . 

'SyMtron  Corp«>ratlon  ... 


PHILBRICK  OPERATIONAL  AMPLIFIER... U$A-3 

Mote  performance  per  dollar  than  any  other  amplifier. 
Highly  reliable  —  no  electrolytic  capacitors  or  glow  tubes. 
Designed  to  prevent  self-destruction  even  when  the  output 
is  grounded.  Drift,  noise,  offset  under  100  microvolts.  Output 
is  ±  VIS  VDC.  Wide  frequency  range— DC  to  lOOhc  (attenu¬ 
ation  less  than  3db)  when  connected  as  a  gain-of-ten  ampli- 
her.  7*  i  2Vi*  printed  circuit  board  mounts 
by  several  conveniant  methods.  PflCS  )95. 


Buird-.VIomir.  Iiii- 


Trktroiitx.  In<- . 

*Tf.|ei-hmmr  Mf*.  f'orp . 

‘Trxith  lnHtriiin<.ntH  InroryMtratPil 

Truinirudlo.  I.td . 

TruiiM-mt  riirmlral  f'urp . 

*Trtn  IjilMiratarirv,  Inr . 

•Tiin»-Hot  KIrrtrIr,  Inr . 


('ttrton  HrrrlMinn  l*riMliirt.  Co..  Inr 

f'nllliiH  Radio  Co . 

i'oiinrrtirut  Hard  Riihbrr  Co . 

‘CornrII-ItiildlIrr  KIrrtrIr  Corp.  . . . 
CoHMor  Canada  I.td . 


'Crinitr  Co . 

'I'nItrrI  TranNfnrmrr  Co, 


VVrHtrrn  Gold  &  I’latlnum  Co 


Kltrl-MrCiillouit>)  Inc . 

KIrrtmiilr  Inatrnmcnt  Co.  (KICO) 


'General  Hermetlr  Sealing  Corp 
General  MIIIn.  Mm-hanlral  IMv. 
tirlea  Repnaliirer  Co . 


»»  PROFESSIONAL  SERVICES 


CLASSIFIED  ADVERTISING 
F.  J.  Ebcrle.  Business  Mgr. 
EMPLOYMENT  OPPORTUNITIES. 
EQUIPMENT 

(Used  or  Surplus  New) 

For  Sale . 

WANTED 

Equipment  . 


Heath  Company  . 

Ilellpot  IHv.  of  Ber'kman  liiMtriimentK 
Inr . 


'IIIIiioIh  CondriiHer  Company. 
InHlItiitr  of  Radio  KngInerrH 
'International  ReHManre  Co. 
Ilek  Cnrptiratlon  . 


ADVERTISERS  INDEX 

A  A  M  Instrument  Service  Co . 

Barry  Electronics  Company . 

Electronic  Laboratory  Supply  Co . 

Fair  Radio  Sales . 

Fidelity  Personnel  Service . 

International  Business  Machines  Corp 

Legri  S.  Company . 

Marquardt  Aircraft  Company . 

Methods  Manufacturing  Corp . 

Motorola  Inc. 

(Chicago.  Illinois) . 

(Phoenix,  Arixona)  . . 

Radalab  Inc . 

Radiation  Inc . 

Radio  Corp.,  of  America . 

R.  W.  Electronics . 

Sanders  Associates  Inc . 

Technical  Systems,  Corp . 


•liimrH  Vlbnspowr  <' 


PHILBRICK  UTILITY  PACKAGED  AMPLIFIER  ... 
UPA-2 

Combines  new  level  of  flesibility  and  convenience.  Perform* 
ance  characteristics  same  as  the  USA-3  amplifier,  the  heart 
of  this  package.  Can  drive  12.000  ohm  load  to  100  volts  in 
either  direction.  Designed  lor  rack  mounting  but  can  be 
used  equally  well  as  a  bench  amplifier,  or  plug-in  assembly 
without  modification.  Use  it  lor  analog  computing,  measure¬ 
ment  and  control,  continuous  data  reduction,  i,.  •.  .n 
and  many  other  feedback  operations.  Pf**  alW. 

tVrile  for  technical  literature  and  advice  on  jour 
application. 

GEORGE  A. 


Sluri-nnl  Instriiments  . 

Metpar,  Inr . 

Mlrumntd  Klrrtrnnlrs  Mfg.  f'orp . 

Slhinriipolln-llonry writ,  HoHtnii  Hlvlralon. 
.Modinr  Mfg.  f'o . 


*  See  advertisenwnt  in  the  June,  1938  Mid-AAonth 
EieCTRONICS  BUYERS'  GUIDE  for  complete  line 
of  products  or  services. 


PHILBRICK 


This  ind«x  it  pMblithed  m  ■  Mnrle*.  Every  care  it  Uken 
to  make  it  accurate,  but  ELECTRONICS  attumea  no 
retpontibilitiot  for  orrort  or  omittiont. 


RESEARCHES.  INC.  HUbbard  2-3225 
285B  Columbus  Avenue,  Boston  16,  Mass. 
THE  ANALOG  WAY  IS  THE  MODEL  WAY 
CIRCLE  70  READERS  SERVICE  CARD 

100 


0|M*rationM  KrM«*arvh 

(IzHihi,  a  lllv.  of  Oetieral 
Film  f'orp . 
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FOR  ACCURATE  AnENUATION  OVER  A  WIDE  FREQUENCY  RANGE... 

RF  Attenuators  by 


These  units  are  used  in  signal  generators,  wide  band 
amplifiers,  pulse  generators,  field  intensity  meters, 
micro-wave  relay  systems,  and  repeater  stations.  They 
find  application  as  laboratory  standards,  test  equip¬ 
ment,  and  for  checking  out  all  types  of  instruments. 

Daven  RF  Attenuators  are  available,  in  combina¬ 
tion,  with  losses  up  to  120  Db  in  two  Db  steps;  or 
100  Db  in  one  Db  steps.  Due  to  their  internal  circuitry 
and  construction,  they  have  a  zero  insertion  loss  over 
the  frequency  range  from  DC  to  225  megacycles. 


Standard  impedances  are  50  and  73  ohms,  with 
special  impedances  available  on  request.  Resistor  ac¬ 
curacy  is  within  ±2%  at  DC.  An  unbalanced  circuit 
is  used  which  provides  constant  input  and  output 
impedance.  The  units  are  supplied  with  either 
UG-58/U  or  UG-185/U  receptacles  or  Coaxial  lead 
terminations.  Individual  units  with  single-section  cav¬ 
ities  can  be  obtained. 

Many  of  these  types  are  available  for  delivery  from 
stock. 


Solenoid  actuated  RF 
Attenuators  are  also 
available  in  various 
decibel  combinations 
and  any  number  of 
steps  up  to  5. 


TYPE 

LOSS 

TOTAL 

Db 

STANDARD 

IMKDANCES 

RFA&RFB  540 

l,2,3,4Db 

10 

50/500  and  73/730 

RFA&RFB  541 

10, 20. 20. 20  Db 

70 

50/500  and  73/730 

RFA&RFB  542 

2. 4, 6, 8  Db 

20 

50/500  and  73/730 

RFA&RFB  543 

20, 20,  20, 20  Db 

80 

50/50  0  and  73/730 

RFA  &  RFB  550 

1,2, 3, 4, 10  Db 

20 

50/500  and  73/730 

RFA&RFB  551 

10, 10, 20, 20, 20  Db 

80 

50/50 0  and  73/730 

RFA  &  RFB  552 

2, 4, 6, 8,  20  Db 

40 

50/500  and  73/730 

Write  for  complete  information 


Other  Db  loss  combinations  are  available. 
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The  answer  to  this  leading  question,  Mr.  Designer, 
is  contained  in  the  following  four  straightforward  reasons: 


So  when  you  are  specifying  tubes  for 
the  industrial  equipment  on  your 
drawing  board,  find  out  how  RCA  In¬ 
dustrial  Preferred-Type  Tubes  can 
improve  your  product  picture.  Call 
your  RCA  Field  Representative  to 
discuss  the  RCA  Industrial  Preferred 
Tube  Types  best  suited  for  your  ap¬ 
plication.  (  ,, 


Free  chart  on  RCA  Preferred- 
Type  Tubes  for  industrial 
applications.  Fur  your  copy, 
write  RCA  Commercial 
EnKineerintt,  Section A-I9-RI, 
Harrison,  N.  J. 


Greater  uniformity  of  tube  quality  can  be  realized 
because  manufacturing  skills  increase— through 
longer  tube  production  runs  of  fewer  types. 


RCA  Field  Representatives  ore  here  to  help  you 
INDUSTRIAL  TUBE  PRODUCTS  SALES 

•  Nework  2.  N.  J.,  744  Broad  Street,  HUmboldl  5-3900 

•  Chicogo  54,  Illinois,  Suite  1154, 

Merchandise  Mort  Plozo,  WHitehall  4-2900 

•  Detroit  2,  Michigan,  714  New  Center  Bldg., 

TRinity  5-5600 

•  Los  Angeles  22,  Colif.,  6355  E.  Washington  Blvd., 
RAymond  3-8361 

GOVERNMENT  SALES 

•  Newark  2,  N.  J.,  744  Brood  St.,  HUmboldt  5-3900 

•  Doyton  2,  O.,  224  N.  Wilkinson  St.,  BAIdwin  6-2366 
.  Washington  6,  D.  C.,  1625  "K”  St.,  N.  W. 

District  7-1260 


Lower  tube  costs  can  be  achieved  by  concentrating 
on  fewer  types.  This  concentration  makes  possible 
lower  tube  production  costs,  lower  warehousing  and 
stocking  expense— all  of  which  can  contribute  to 
lower  prices  to  equipment  manufacturers. 


RADIO  CORPORATION  OF  AMERICA 


Fewer  types  of  circuit  components— through  the  use 
of  fewer  types  of  tubes— enable  you  to  standardize 
on  fewer  accessory  parts  such  as  transformers, 
capacitors,  resistors.  Benefits  to  you:  Savings  in 
purchasing,  stocking,  and  renewals. 


Better  tube  availability  supports  continuous 
production  of  equipment.  And  that's  not  all.  Your 
customers  will  be  glad  to  know  that  when 
replacement  tubes  are  needed,  they  are  readily 
available  from  RCA  Industrial  Tube  Distributors. 


Elmctron  Tube  DIvlelon 


Harrison,  N.  J. 


Why  do  / 

'  specify 

RCA  Industrial 

Preferred-Type  Tubes'? 
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